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PREFACE 


This  document  describes  the  field  activities  for  investigating  innovative 
measures  to  modify  streambank  tailings  (mine  wastes),  located  along  Silver  Bow 
Creek,  sufficiently  to  allow  them  to  be  revegetation.  This  document  has  been 
prepared  using  EPA  guidance  for  pilot-scale  treatability  testing  and  conforms 
to  the  suggested  format  for  pilot-scale  work  plans  (EPA,  1988). 

This  document  is  closely  related  to  other  project  documents,  and  they 
have  been  cited  in  this  document.  For  additional  information  and  technical 
detail  the  following  documents  may  be  helpful  to  gain  an  in-depth 
understanding  of  the  Streambank  Tailings  and  Revegetation  Studies  (STARS) 
proj  ect : 

o MSU  and  Schafer  & Associates,  1988.  STARS  Trans^_ion  Phase 
Technical  Memorandum  for  the  Streambank  Tailings  and 
Revegetation  Studies.  Silver  Bow  Creek  RI/FS:  Methods  for 
Conducting  Field  Site  Selection  and  Sampling  of  Phase  II  Plots. 
June  10,  1988. 

o MSU  and  Schafer  & Associates,  1987a.  Quality  Assurance  Project 
Plan  (QAPP ) for  the  Streambank  Tailings  and  Revegetation 
Studies.  Silver  Bow  Creek  RI/FS.  Submitted  to  EPA  Region  VIII. 
Doc .No . SBC-STARS-QAPP-F-R0-121187 . 

o MSU  and  Schafer  & Associates,  1987b.  Laboratory  Analytical 

Protocol  (LAP)  for  the  Streambank  Tailings  and  Revegetation 
Studies.  Silver  Bow  Creek  RI/FS.  Submitted  to  EPA  Region  VIII. 
Doc.  No.  SBC-STARS-LAP-F-RI-121187 . 
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1 . 0 PROJECT  DESCRIPTION 


1*1 Site  History 

The  upper  Clark  Fork  River  basin  has  been  a center  of  mining  activity 
since  the  1860's.  Contamination  of  land  and  water  by  mining  waste  is 
widespread  because  of  the  extensive  mineral  processing  activities  which  have 
occurred.  Due  to  the  complexity  of  the  mine  waste  contamination,  several 
Superfund  sites  have  been  formed  in  the  Clark  Fork  River  basin.  The  Silver 
Bow  Creek  site,  the  largest  designated  Superfund  site  in  the  U.S.,  extends 
from  the  uptown  portion  of  Butte,  Montana  downstream  to  the  Milltown  Reservoir 
near  Missoula,  Montana  (Figure  1.1).  The  upper  portion  of  the  Silver  Bow 
Creek  site  known  as  the  Butte  addition  is  administered  by  the  EPA  with  the 
Atlantic  Richfield  Company  (ARCO)  designated  as  a potentially  responsible 
party  (PRP) . For  the  lower  part  of  the  Silver  Bow  site  known  as  the  Clark 
Fork  River  site  an  assessment  is  being  conducted.  The  remainder  of  the  Silver 
Bow  site  from  Butte  to  the  Warm  Springs  treatment  Ponds  (a  State-lead  site)  is 
the  subject  of  this  investigation.  Other  Superfund  sites  in  the  area  include 
the  Montana  Pole  site,  the  Anaconda  Smelter  site,  and  the  Mill  Town  Reservoir 
site.  Montana  Pole,  also  located  in  Butte,  is  a historic  pole  treating  site 
with  PCP  contamination.  The  Anaconda  Smelter  site  is  centered  at  Anaconda, 
Montana  22  miles  downstream  of  Butte.  Most  Butte  ores  were  processed  in 
Anaconda  after  1904.  The  Milltown  Reservoir  site  located  near  Missoula 
consists  of  several  million  yards  of  mine  waste  deposits  in  the  reservoir 
which  have  liberated  arsenic  and  metals  into  ground  water. 


1.2  Description  of  the  Silver  Bow  site 

The  Silver  Bow  Creek  CERCLA  Study  Area  is  an  extensive  inorganic 
contamination  site,  located  between  Butte,  Montana  and  the  Warm  Springs 
treatment  ponds  near  Warm  Springs,  Montana.  Contamination  of  the  Silver  Bow 
Creek  drainage  consists  primarily  of  heavy  metals  (lead,  cadmium,  copper, 
manganese  and  zinc),  arsenic,  and  acid-producing  sulfides  which  pose 
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SUPERFUND  SITES  IN  THE  CLARK  FORK  RIVER  BASIN 


potentially  major  health  and  environmental  hazards.  Typical  levels  of  metals 
in  mine  wastes  situated  along  Silver  Bow  Creek  are  shown  in  Table  1.1. 

Contamination  of  air,  soil,  surface  and  ground  water  is  derived  primarily 
from  tailings  and  other  mining  waste  deposited  in  the  Silver  Bow  Creek  channel 
and  floodplain.  Several  million  yards  of  mining  waste  are  found  in  the 
floodplain  of  Silver  Bow  Creek.  Remediation  of  these  wastes  is  the  focus  of 
RI/FS  activities  on  the  Streambank  Tailings  operable  unit  of  the  Silver  Bow 
Creek  investigation.  Streambank  tailings  are  situated  so  that  they  are  eroded 
by  wind  or  water.  Sulfide  oxidation  in  the  mine  wastes  increases  acidity 
which  in  turn  causes  most  metals  to  be  more  mobile.  As  water  percolates 
through  or  flows  across  the  barren  streambank  mine  wastes,  metals  are  leached 
into  surface  and  ground  water. 


Table  1.1.  Typical  concentrations  of  contaminants  in  mine  wastes  situated 
along  Silver  Bow  Creek.* 


PARAMETER 

ARITHMETIC  MEAN 

MAXIMUM  VALUE 

pH 

3.97 

2.30  (low 

EC  (mmhos/cm) 

3.44 

7.70 

Sand  (Z) 

62.2 

90.0 

Silt  (Z) 

25.7 

68.1 

Clay  (Z) 

12.1 

30.4 

GEOMETRIC  MEAN 

MAXIMUM  VALUE 

(mg/kg 

soil)  

Copper 

1,410. 

11,200. 

Zinc 

2,140. 

22,000. 

Lead 

912. 

6,477. 

Cadmium 

11.2 

108. 

Arsenic 

347. 

3,140. 

Manganese 

977. 

13,300. 

Chromium 

10.7 

142. 

Mercury 

5.0 

61. 

* Data  are  taken  from  initial  characterization  of  35  bulk  mine  waste  samples 
collected  for  STARS,  Phase  I. 
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2.0  REMEDIAL  TECHNOLOGY  DESCRIPTION 


2.1  General  Remedial  Response  Objectives 

Remedial  measures  for  streambank  tailings  must  solve  a variety  of 
problems.  These  include  acid  production  and  movement  of  contaminated  leachate 
to  surface  and  ground  water,  erosion  by  water  and  by  wind  and  direct  contact 
hazard  to  humans  and  livestock  or  wildlife.  Typical  remedial  alternatives 
which  may  correct  most  of  these  problems  include  removal  to  a secure  storage 
area  or  capping  to  reduce  precipitation  infiltration  and  air  entrainment. 

These  techniques  work  well  for  sites  with  small  areal  involvement  or  volumes; 
however,  for  sites  in  which  the  areal  extent  of  contamination  is  very  large 
and  involves  large  volumes  of  material  the  practical  application  of  these 
technologies  decrease  significantly.  Since  streambank  tailings  along  Silver 
Bow  Creek  are  disseminated  over  much  of  its  27  mile  length,  and  involve 
millions  of  cubic  yards  of  material  the  Montana  Department  of  Health  and 
Environmental  Sciences  (MDHES)  agreed  that  new  and  innovative  technologies 
should  be  investigated  as  remedial  alternatives.  One  of  these  technologies  is 
modification  of  tailings  characteristics  (pH,  plant-available  metals)  followed 
by  revegetation. 


2_t_2 Remedial  Alternative  Description 

A cost-effective  in-situ  remedy  for  steambank  wastes  is  needed  to 
mitigate  the  adverse  effects  of  the  extensive  mine  wastes  along  Silver  Bow 
Creek.  An  innovative  remedial  measure  conceptualized  by  the  project  team 
involved  1)  chemical  neutralization  and  fixation  of  contaminants  through  deep- 
incorporation  of  soil  amendments  into  mine  waste,  2)  possible  use  of  a soil 
cap  (at  least  in  selected  areas),  and  3)  revegetation  with  acid  or  metal- 
tolerant  species  of  grasses.  Soil  amendments  would  reduce  the  mobility  and 
toxicity  of  contaminants  while  the  soil  cap  (if  used)  and  vegetation  cover 
would  reduce  the  quantity  of  leachate  through  waste  materials. 
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2_«_ 2 Purpose  and  Scope  of  the  STARS  Pilot  Study 


The  Streambank  Tailings  and  Revegetation  Study  (STARS)  was  initiated  to 
develop  an  innovative  remedial  technique  and  to  investigate  the  effectiveness 
of  that  technique.  The  STARS  project  was  divided  into  a laboratory/greenhouse 
(phase  I)  component  to  develop  and  test  treatments  at  a bench  scale,  to  be 
followed  by  a field  scale  (phase  II)  demonstration  of  selected  remedial 
alternatives . 

The  purpose  of  Phase  I of  STARS  was  to  develop  and  test  innovative 
remedial  measures  to  modify  streambank  tailings  (waste)  characteristics 
sufficiently  to  allow  them  to  be  revegetated.  Phase  I of  STARS  is  on-going. 
Chemical  amendments  were  added  to  selected  waste  material  in  column  studies  to 
determine  if  the  leaching  of  metals  to  ground  water  and  the  contamination  of 
runoff  could  be  abated.  At  the  completion  of  the  column  investigation, 
greenhouse  tests  were  implemented  to  select  species  that  can  be  used  to 
revegetate  amended  wastes.  The  objectives  of  the  revegetation  program  are  to 
reduce  fugitive  dust,  reduce  leachate  to  ground  water  due  to  enhanced 
evapotranspiration,  and  to  provide  surface  soil  protection. 

Phase  II  activities  will  include  field  implementation  of  the  remedial 
options  designed  in  Phase  I and  evaluation  of  the  response  of  the  treatments 
in  reducing  leachate  quantity  and  in  abatement  of  metal  flux  to  surface  and 
ground  water.  The  overall  project  schedule  was  designed  to  allow  siting,  and 
construction  of  demonstration  plots  so  that  fall-seeding  can  be  performed  on 
the  plots  in  1988.  Because  Phase  I STARS  is  still  on-going,  specific 
treatments  for  the  field  plots  have  not  yet  been  finalized.  As  a result,  the 
conceptual  field  plot  treatments  designed  in  this  work  plan  will  be  generic 
and  will  be  replaced  by  specific  treatments  at  the  completion  of  the  Phase  I 
greenhouse  studies.  Interim  activities  required  to  ensure  the  timely 
completion  of  the  STARS  investigation  have  been  initiated  under  the  guidance 
of  a Technical  Memorandum.  The  purpose  of  the  interim  activities  (Transition 
Phase  - STARS)  is  to  identify  and  select  candidate  locations  for  installation 
of  the  STARS  field  plots,  to  identify  homogeneous  plot  locations  and  to 
measure  selected  soil  and  site  parameters  needed  for  remedial  design. 

Although  these  activities  are  already  proceeding,  they  are  included  in  this 
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work  plan  (tasks  1 through  4)  for  completeness. 


This  work  plan  has  been  assembled  to  describe  field  activities 
anticipated  under  Phase  II  of  STARS  including  the  special  equipment  and 
services  required,  the  technical  approach  to  be  used  for  field  plot 
implementation,  the  design  of  the  field  experiment,  and  the  kinds  and  number 
of  analytical  determinations. 

Six  waste  samples  were  collected  for  column  and  greenhouse  studies  which 
were  representative  of  the  kinds  of  contaminated  materials  found  on-site. 

Five  sites  corresponding  to  five  of  the  six  waste  sample  locations  have  been 
selected  for  field  plot  implementation.  One  candidate  site,  the  buried  soil 
site,  will  not  be  included  in  the  phase  2 STARS  investigation.  The  sites  to 
be  evaluated  are  thought  to  be  representative  of  the  variety  of  waste 
materials  found  on-site  (Table  2.1  Figure  2.1).  Three  types  of  tailings  are 
found  in  streambank  tailings  deposits.  These  waste  types,  delineated  using 
statistical  methods,  differ  in  basic  soil  physical  and  chemical  properties. 
Type  1 tailings  are  sandy,  low  in  rock  fragments,  and  have  pH  and  EC  values 
intermediate  to  the  other  tailings  types.  Type  2 tailings  consist  of  coarse 
sand  and  gravel,  have  low  pH  (3  to  3.5)  and  low  EC  (<1.5  mmhos/cm).  Type  3 
tailings  are  silty,  have  higher  pH  than  other  tailings  (pH>4)  and  have  high  EC 
(>4  mmhos/cm).  Many  upland  soils  affected  by  infrequent  flooding  (through 
irrigation  systems)  have  been  contaminated  sufficiently  to  reduce  or  eliminate 
plant  growth.  Materials  from  tailings  impoundments  were  also  investigated 
because  their  properties  may  differ  from  streambank  wastes  deposited  in  the 
Silver  Bow  Creek  floodplain. 

A sample  representative  of  natural  soils  buried  by  wastes  was  also 
selected  for  phase  1 column  and  greenhouse  studies  because  removal  of  waste 
from  along  the  streambank  to  facilitate  channel  stabilization  may  require  the 
remediation  of  buried  soils  in  selected  locations.  The  buried  soil  site  will 
not  be  implemented  in  phase  II,  however.  It  was  felt  that  1)  where  tailings 
were  selectively  removed  for  stream  stabilization  that  contaminated  soil 
layers  would  also  be  removed,  and  2)  the  cost  and  effectiveness  of  a STARS 
remedy  for  buried  soils  could  be  inferred  from  results  on  other  sites, 
especially  the  flooded  soil  site. 
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The  sampling  described  in  this  work  plan  includes  only  plot  construction 
and  seeding  of  field  plots.  The  purpose  of  the  sampling  effort  in  support  of 
plot  construction  is  to  identify  and  select  candidate  locations  for 
installation  of  the  STARS  field  plots,  to  identify  homogeneous  plot  locations 
and  to  measure  selected  soil  and  site  parameters  needed  for  remedial  design. 
Subsequent  to  the  completion  of  activities  outlined  in  this  work  plan, 
a modification  will  be  prepared  to  describe  in  detail  the  monitoring  strategy 
for  measuring  the  effectiveness  of  the  remedial  treatments  implemented.  This 
work  plan  modification  will  outline  the  timing,  kinds,  and  numbers  of  samples 
to  be  collected  after  construction  of  the  field  plots,  the  kinds  of  field 
monitoring  and  sampling  techniques  to  be  utilized,  and  the  specific  data 
analysis  and  interpretation  methods  to  be  employed  in  measuring  treatment 
response . 
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Table  2.1  Candidate  samples  investigated  in  Phase  I STARS  column  and 
greenhouse  studies. 


SAMPLE 

NUMBER 

CLASS* 

SITE 

NUMBER 

DESCRIPTION 

501-1-1 

1 

33 

Sandy  tailings 

556-2-1 

2 

7 

Gravelly  low  pH,  low  EC  tailings 

537-1-1 

3 

21 

Silty,  moderate  pH,  high  EC  tailings 

559-3-1 

T 

2 

In-place  tailings  impoundment 

553-l-2+ 

B 

9 

Buried  soil  site 

513-2-1 

F 

27 

Flood-affected  soil  site 

* Classes  include  type  1-3  tailings  defined  in  earlier  reports,  in-place 
tailings  (T),  buried  soils  (B),  and  flood-affected  soils  (F)  . 

+ The  buried  soil  site  will  not  be  implemented  in  Phase  II. 
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Figure  2.1  Candidate  Phase  II  STARS  field  plot  locations. 


SITE  LOCATION 


MAP  NUMBER 

SILVERBOW  CREEK 

RI/FS 

STARS  FIELD  LOCATION 

CLIENT  M.  D H.E.S. 

location  SilVERBOW,  DEER  LODGE,  S 
POWELL  COUNTIES 

DATE. 
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3 . 0  TEST  OBJECTIVES 


3.1  Overall  Objectives  of  STARS 

The  primary  objectives  of  the  Streambank  Tailings  and  Revegetation  Study 
(STARS)  are  to: 

GENERAL  OBJECTIVE  1:  Design,  field  test,  and  evaluate  the  response  of 

potential  remedial  measures  for  mitigation  of  human  health  and 
environmental  impacts  from  streambank  tailings  using  chemical 
microencapsulation,  deep  incorporation,  cover-soil  isolation,  and 
enhanced  evapotranspiration  techniques. 

GENERAL  OBJECTIVE  2:  Develop  a method  of  ranking  tailings-contaminated 

areas  for  selecting  contaminated  remedial  measures. 

These  objectives  will  allow  the  RI/FS  project  team  to  collect  the 
required  performance  data  to  design  selected  innovative  remedial  alternatives 
for  consideration  in  the  feasibility  study. 


3.2  Objectives  of_STARS  Phase  II  Field  Plot  Construction: 

The  specific  objectives  for  Phase  II  of  the  STARS  project  are  to: 

SPECIFIC  OBJECTIVE  1:  Locate  and  delineate  field  plot  locations  for  each 
candidate  soil  or  tailings  (waste)  investigated  in  Phase  I column 
and  greenhouse  investigations.  Suitable  sites  will  be  determined  to 
be  representative  of  the  candidate  sample,  relatively  homogeneous, 
and  accessible  by  heavy  equipment. 
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SPECIFIC  OBJECTIVE  2:  Samples  will  be  obtained  from  each  plot  at  each 

site  and  will  be  analyzed  for  those  parameters  necessary  to  design 
field  treatments.  Determination  of  total  metal  levels  and  of  plant 
nutrient  availability  is  also  required.  Splits  of  samples  will  be 
archived  for  comprehensive  analysis  at  a later  date.  These  archived 
splits  will  represent  unamended  (baseline)  chemical  conditions. 

SPECIFIC  OBJECTIVE  3:  Selected  soil  amendments  will  be  incorporated  into 

field  plots  at  the  candidate  sites  using  agricultural  tillage 
implements  (6  inch  depth  of  incorporation),  mechanical  deep- 
incorporation  methods  (18  inches),  and  pressure  injection  methods 
(to  20  feet  or  more). 

SPECIFIC  OBJECTIVE  4:  After  waiting  for  chemical  amendments  to 

equilibrate  for  a specified  period,  selected  acid-  or  metal-tolerant 
vegetation  will  be  seeded  into  the  chemically-treated  plots  by  the 
fall  of  1988  for  a dormant  seeding. 
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4.0  PILOT  STUDY  INSTALLATION 


The  first  four  tasks  identified  in  the  plan  have  been  initiated  under  the 
guidance  of  a Technical  Memorandum  (Schafer  and  Associates  and  MSU,  1988). 

They  are  included  here  to  provide  a complete  outline  of  Phase  II  STARS  field 
activities  and  to  portray  the  logical  sequence  of  field  tasks  to  be  completed. 
After  completion  of  task  6 (plot  seeding),  a work  plan  amendment  describing 
task  7 (field  plot  monitoring  and  maintenance)  will  be  developed  to  describe 
methods  to  be  used  for  measuring  the  effectiveness  of  the  STARS  remedial 
treatments . 


4.1  Task  1:  Assess  Field  Variability 

The  variability  of  the  mine  wastes  in  the  vicinity  of  six  waste  samples 
collected  in  Phase  I (Figure  2.1)  will  be  characterized  by  measuring  several 
parameters  in  a grid  of  sample  points.  At  each  site  an  area  of  70,000  square 
feet  will  be  selected  with  a grid  spacing  of  approximately  35  feet.  At  each 
grid  point  several  field  measurements  will  be  made  of  the  0-6  inch  material. 
Samples  will  be  collected  at  6 to  18  inches  and  at  18  to  48  inches  at  8 to  15 
selected  grid  points  to  assess  the  vertical  changes  in  soil  properties.  This 
screening  step  will  ensure  that  field  plots  are  both  homogenous  so  that 
treatment  effects  are  not  obscured,  and  are  representative  of  the  bulk  sample 
of  mine  waste  investigated  in  Phase  I,  Column  and  greenhouse  investigations. 

Field  measurements  in  a grid  pattern  will  include  saturated  soil 
paste  pH,  EC  of  a 1:10  soil/solution  suspension,  and  total  metal  levels 
measured  by  X-ray  Fluorescence  Spectroscopy  (XRF) . These  properties  will  be 
measured  using  Standard  Operating  Procedures  described  in  Appendix  A.  At  each 
deep  sampling  location  at  each  site  (8  to  15  soil  descriptions  per  site),  a 
generalized  soil  profile  descriptions  will  be  developed  to  identify 
characteristics  of  deposits  with  depth,  to  record  tailings  thickness,  and  to 
measure  the  depth  to  ground  water  (Appendix  A) . All  field  data  will  be 
written  on  prepared  field  forms  to  facilitate  accurate  recording  of  data. 

This  procedure  is  to  ensure  that  proper  calibration,  and  decontamination 
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procedures  are  followed  and  that  other  quality  assurance  program  steps  are 
followed.  The  QA/QC  program  objectives  are  contained  in  section  4.0. 
Calibration  and  operating  procedures  for  all  field  equipment  is  in  Appendix  A. 

Individual  data  points  for  the  0 to  6 inch  zone  will  be  analyzed  by  a 
block  kriging  program  which  is  a statistical  technique  for  drawing  contour 
lines  of  equal  concentration  (isopleths)  on  maps  of  the  site.  This 
statistical  program  also  provides  an  estimate  of  variability  of  measured 
parameters.  Hence,  the  plots  can  be  located  in  areas  with  levels  of  key 
parameters  within  known  confidence  limits  of  a particular  target  value.  For 
example,  if  total  copper  of  the  Phase  I bulk  sample  was  2100  mg/kg,  we  may 
choose  to  locate  plots  only  on  sites  within  the  90  percent  confidence  level  of 
that  value.  If  the  90  percent  confidence  level  corresponded  to  ± 300  mg/kg 
copper,  then  plots  could  be  placed  where  copper  values  ranged  from  1800  to 
2400  mg/kg  copper.  If  the  block  kriging  program  does  not  provide  a 
satisfactory  model,  then  a traditional  moving  weighted  average  mapping 
technique  will  be  be  used  to  produce  isopeth  maps  from  the  raw  data. 

Plot  homogeneity  will  be  determined  using  isopeth  maps  of  field 
parameters  (pH,  EC,  total  Zn,  total  As)  and  other  significant  factors  (waste 
material  thickness,  depth  to  ground  water).  The  intent  of  the  screening 
procedure  conducted  on  the  large  area  (70,000  square  feet)  is  to  select  a 
smaller  area  which  is  representative  of  the  waste  material  type  and  as 
homogeneous  as  possible,  to  locate  the  replicated  study  plots.  It  is  hoped 
that  study  locations  will  have  chemical  properties  within  25  percent  (measured 
by  relative  percent  difference)  of  the  values  for  the  bulk  sample  collected 
from  the  site.  If  typical  chemical  concentrations  fall  outside  these  control 
limits  than  a decision  will  be  made  to  select  plots  outside  the  control  limits 
or  to  expand  or  move  the  candidate  field  plot  area.  Blocks  within  each  plot 
will  be  orientated  to  result  in  as  little  variability  as  possible. 

Results  of  the  site  screening  procedure  will  be  displayed  on  a series  of 
maps  each  showing  the  contoured  values  and  associated  variance  for  each 
measured  parameter.  Maps  will  be  overlaid  to  find  areas  best-suited  for 
locating  plots.  The  replicated  plots  will  cover  an  approximate  area  of  12,000 
square  feet. 


13 


hj 


4.2  Task  2;  Design  / Locate  / Delineate  Field  Plots 


Experimental  soil  amendment  treatments,  amendment  incorporation 
techniques,  and  vegetative  mixtures  developed  during  the  Phase  I STARS 
investigation  will  be  evaluated  at  five  field  plot  locations.  Since 
Phase  I STARS  is  on-going,  the  specific  treatments  to  be  evaluated  have  not 
been  selected.  Hence,  a generalized  master  plot  design  will  be  delineated  at 
each  study  site.  The  master  plot  design  will  accommodate  one  or  more  soil  and 
vegetative  treatments  developed  during  Phase  I. 

The  objective  of  the  Phase  I column  studies  is  to  formulate  a suite  (best 
combination)  of  soil  amendments  for  neutralizing  toxic  metals  in  the  six  waste 
types  (each  waste  type  is  represented  by  one  of  the  bulk  samples).  This  suite 
of  soil  amendments  will  be  applied  to  plots  in  the  field,  allowed  to 
equilibrate,  and  plots  will  be  seeded  in  the  late  fall  of  1988.  Amendments 
will  be  incorporated  into  soils  using  1)  standard  agricultural  equipment 
(plow,  disc,  harrow),  2)  using  a mechanical  deep-incorporation  tool  (deep 
plow,  deep  rotary  mixer),  and  3)  using  pressure  injection.  A brief  background 
on  each  deep-incorporation  method  is  attached  (Appendix  C) . Variable 
coversoil  thickness  over  amended  waste  will  also  be  evaluated  as  a soil 
treatment.  A coversoil  "wedge"  varying  from  0 to  18  inches  in  thickness  will 
be  installed.  This  treatment  design  has  been  successfully  used  by  a variety 
of  investigators  (Barth  and  Martin  1980).  Plots  will  be  large  enough  to 
evaluate  two  species  mixtures.  If  after  the  outcome  of  Phase  I greenhouse 
tests,  only  a single  species  mixture  is  recommended,  the  plot  size  can  be 
reduced  to  reduce  field  implementation  costs.  Field  plots  will  be  replicated 
four  times  at  each  site. 

The  arrangement  of  plots  will  facilitate  statistical  interpretation  of 
field  response  to  soil  and  vegetative  treatments.  Soil  response  parameters  to 
be  measured  include  water  content  changes  (including  an  estimate  of  ground 
water  recharge),  changes  in  soil  chemical  properties,  and  changes  in  soil  pore 
water  chemistry.  It  is  felt  that  these  parameters  do  not  need  to  be  evaluated 
independently  on  separate  vegetative  treatments.  Vegetation  response 


14 


parameters  will  include  germination,  establishment,  cover,  and  yield  (second 
year)  of  each  seeded  species.  In  addition,  metal  content  of  forage  will  be 
measured.  A split-plot  statistical  design  with  two  factors  (soil  and 
vegetative  treatments)  is  best-suited  for  this  experiment  (Snedechor  and 
Cochran  1978 ) . 

Figure  4.1  illustrates  the  master  plot  design  for  the  Phase  II  STARS  field 
plots.  There  will  be  five  primary  soil  treatments  including  a 1)  control,  2) 
agricultural  implement  incorporation  (6  inch  depth),  3)  a mechanical  deep- 
incorporation  treatment  (18  inch  depth),  4)  a pressure  slurry  injection 
treatment  (entire  depth  of  waste  deposit  plus  contaminated  soil),  and  5)  a 0 
to  18  inch  thick  topsoil  wedge  over  waste  amended  to  6 inches  in  depth.  A 
sixth  plot  will  be  designed  into  the  experiment  for  any  additional  treatments 
that  investigators  may  want  to  test  after  completion  of  the  Phase  I 
activities.  One  possible  use  of  the  sixth  plot  would  be  for  evaluation  of  a 
second  suite  of  soil  amendments  using  one  incorporation  technique.  Certain 
treatments  are  not  likely  to  be  necessary  on  some  sites.  Cover  soil  is  not 
expected  for  the  buried  soil  or  flood-affected  soil.  Pressure-injection  of 
lime  is  not  likely  to  be  warranted  in  the  flood-affected  soil.  These 
treatments  will  be  deleted  from  the  master  plot  design  at  these  sites. 

Soil  treatments  will  be  installed  in  16  by  20  foot  plots.  This  plot  size 
was  selected  to  be  large  enough  to  measure  treatment  effects  on  leachate 
quantity  and  quality.  The  six  soil  treatment  plots  will  be  separated  by  an 
eight  foot  buffer  zone  to  allow  machinery  access  and  to  avoid  overlapping 
treatment  effects.  The  relative  placement  of  the  soil  treatments  will  be 
selected  randomly.  Two  alternate  arrangements  of  the  six  plots  (which 
together  form  one  replicate  or  "block")  are  shown  in  Figure  4.2.  Depending  on 
the  pattern  of  spatial  variability  found  in  task  1,  block  dimensions  can  be 
either  20  by  150  feet,  or  50  by  80  feet.  Vegetative  treatments  will  be 
installed  using  a "split-plot"  technique  where  one-half  the  plot  is  seeded 
into  each  species  mixture.  The  portion  of  the  plot  used  for  a particular 
species  will  be  randomized. 

The  statistical  method  used  to  compare  results  from  each  treatment  is 
called  analysis  of  variance  (Snedecor  and  Cochran,  1978).  The  analysis  of 
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variance  model  used  to  analyze  vegetative  response  is  shown  in  Table  4.1  while 
that  used  for  evaluation  of  soil  response  is  shown  in  Table  4.2.  Results  from 
the  cover-soil  treatment  plots  will  be  analyzed  in  a separate  analysis  of 
variance  where  increasing  cover-soil  depths  are  treated  as  separate 
treatments . 
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Table  4.1.  The  analysis  of  variance  model  used  to  evaluate 
vegetative  results  from  the  STARS  Phase  II  field  investigation. 


Source 

n 

Degrees  of 
Freedom 

F value 

Soil  Treatments 

5 

4 

MS/Error  MS 

Species  Treatments 
Soil  X Species 

2 

1 

MS/Error  MS 

Interaction 

10 

9 

MS/Error  MS 

Blocks 

4 

3 

- 

Error 

Total  Plots 

40 

22 

- 

Table  4.2.  The  analysis  of  variance  model  used  to  evaluate  soils  results  from 
the  STARS  Phase  II  field  investigation. 


Source  n Degrees  of  F value 

Freedom 


Soil  Treatments 

5 

4 

MS/Error  MS 

Blocks 

4 

3 

- 

Error 

12 

- 

Total  Plots 

20 

18 


At  each  field  location,  four  replicate  sets  of  treatment,  blocks,  will  be 
delineated  in  homogeneous  areas  with  chemical  properties  similar  to  the  bulk 
sample  collected  from  the  site.  The  plot  locations  will  be  staked,  and  the 
relative  elevation  of  plot  comers  will  be  surveyed  into  a local  datum  for 
control.  Base  maps  showing  plot  location  will  be  at  the  same  scale  as  maps 
prepared  in  task  1. 


Task  2;  Preliminary  Sampling 

Samples  will  be  collected  from  plots  for  four  purposes  including  1)  to 
measure  chemical  and  physical  parameters  required  for  design  of  soil  amendment 
rates,  2)  to  measure  levels  of  plant  nutrients  to  design  initial  fertilizer 
rates,  3)  to  measure  total  metal  levels  for  verification  of  XRF  results,  and 
4)  to  archive  samples  representative  of  baseline  ( pre- amendment ) conditions 
for  later  soil  chemical  analyses.  Archived  samples  will  be  analysed  for 
parameters  to  be  described  in  the  STARS  Monitoring  Sample  Analysis  Plan  (SAP). 
Analyses  will  be  conducted  before  appropriate  holding  times  are  exceeded. 
Liming  rates  will  be  developed  for  each  individual  plot  using  the  equation  Is 

LR  = [31.25  * HN03-S  + 15.1  * HC1-S  + SMP]  * 1.25  (1) 

where  LR  = lime  rate  (expressed  as  1002  calcium 

carbonate  effectiveness  in  tons/acre  - 6 inch  layer) 

HNO3-S  = nitric  acid  extractable  S (sulfide  S)  in  percent 

HC1-S  * weak  HC1  extractable  S (acid-forming  sulfate  salts)  (2) 

SMP  * SMP  buffer  lime  test  in  tons/acre  (for  active  acidity,  see  QAPP) 
1.25  = a design  safety  factor  to  allow  for  incomplete  mixing  and  for 
analytical  error. 

Samples  will  be  collected  from  throughout  the  zone  of  amendment 
incorporation.  All  plots  will  be  sampled  from  0 to  6 inches.  The  mechanical 
deep-incorporation  and  pressure-injection  plots  will  also  be  sampled  from  6 to 
18  inches  in  depth.  Finally,  the  pressure-injection  plots  will  be  sampled 
from  18  to  48  inches.  Cover-soil  from  an  offsite  source  of  material  will  be 
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sampled  for  analysis.  Cover-soil  material  will  be  representative  of  material 
widely  available  site-wide  for  remedial  clean-up.  Since  soil  material  is  not 
likely  to  be  available  in  adequate  quantities,  alluvial  material  which  is 
commonly  found  throughout  the  site  will  be  used. 

For  0-6  inch  samples,  a 1-inch  diameter  stainless  steel  core  sampler  will 
be  used  to  collect  at  least  60  cores  distributed  throughout  the  each 
individual  plot.  The  individual  cores  will  be  composited  and  mixed.  Four 
splits  will  be  taken  from  the  composite  sample  for  analysis  of  total  metals, 
plant  nutrients,  sulfur  fractions,  and  an  archive.  A hydraulically-driven  2- 
inch  diameter  King-tube  will  be  used  to  collect  deeper  samples  from  four 
locations  per  plot.  These  samples  will  be  composited  then  split  similar  to 
the  0-6  inch  samples. 

Samples  for  nutrient  analysis  will  be  split  from  individual  plot  samples 
and  then  composited  by  block  to  reduce  the  number  of  analyses.  A fertilizer 
rate  for  each  replicate  set  of  treatments  will  be  assembled  based  on  results 
of  these  analyses. 

The  number  and  kinds  of  samples  to  be  collected  and  analyzed  is  described 
in  section  8 (Table  8.5).  A detailed  discussion  of  the  quality  assurance 
procedures  and  laboratory  methods  to  be  used  is  provided  in  the  STARS  Phase  I 
QAPP  (MSU  and  Schafer  and  Associates  1987a),  the  STARS  LAP  (MSU  and  Schafer 
and  Associates  1987b),  and  in  a CLP  analytical  request  document  (MSU  1988) 
which  has  been  submitted. 


LJi Task  4; Preliminary  Field  Testing  of  Soil  Amendments 

The  purpose  of  Transition  Phase  activities  before  field  implementation  of  the 
STARS  plots  is  to  facilitate  timely  completion  of  the  STARS  project.  Early 
results  from  the  column  studies  indicate  that  use  of  a combination  of 
quicklime  or  hydrated  lime  with  agricultural  lime  may  substantially  increase 
pH  and  reduce  metal  mobility.  Water  must  be  added  to  facilitate  the  reaction 
of  these  amendments  with  waste  materials.  The  amount  of  water  to  be  added  is 
uncertain.  The  ability  to  mix  amendments  through  tillage  is  affected  by  the 
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physical  condition  of  wetted  amended  soils.  The  physical  condition  of  wetted 
soils  is  uncertain.  The  rate  of  change  of  pH  after  amending  field  soils  is 
also  unclear. 

On  four  of  the  six  soils  tested  in  Phase  I STARS  CaC03  (agricultural 
lime,  the  commonly  used  neutralizing  amendment  for  treating  acid  soils)  was 
less  effective  in  increasing  pH  and  reducing  metal  levels  in  leachate  than 
either  Ca(OH)2  (hydrated  lime)  or  CaO  (quicklime).  Typical  results  are  shown 
in  Table  4.3.  The  metal  release  for  tailings  type  1 without  an  amendment 
(control)  was  reduced  substantially  through  use  of  either  CaC03  or  Ca(OH)2. 

For  tailings  type  3,  CaC03  was  not  effective  in  reducing  metal  levels 
sufficiently  while  Ca(OH)2  was  effective.  Initially,  the  reason  for  the 
better  efficiency  of  Ca(OH)2  was  thought  to  be  the  higher  pH  achieved.  It  was 
also  recognized  that  this  elevated  pH  would  not  persist  in  the  field.  The 
reactions  shown  below  (equations  2-5)  happen  in  the  field  so  that  after  a 
period  of  equilibration,  a Ca(OH)2  amended  soil  should  be  identical  chemically 
to  a CaC03  amended  soil. 


Table  4.3.  Preliminary  column  study  results  for  waste  type  1 and  waste  type  T. 


Waste 

Type 

Amendment 

Saturation  pH 
(2) 

EC 

(mmhos/cm) 

Cu  Zn  As 

(mg/kg  soil)- 

1 

Control 

29.6 

4.2 

1.36 

108. 

118. 

.0037 

CdCOj 

31.0 

7.3 

2.30 

3.15 

0.48 

.0053 

Ca(OH)2 

40.5 

11.5 

1.56 

1.34 

0.02 

.062 

Ca(OH)2 

+ co2 

30.0 

7.0 

2.42 

0.52 

0.97 

.010 

T 

Control 

34.2 

4.4 

1.45 

798. 

2113. 

.037 

CaC03 

38.9 

6.7 

2.80 

18. 

1331. 

- 

Ca(OH)2 

44.0 

12.0 

6.70 

1.3 

1.0 

.0059 

Ca(OH)2 

+ co2 

47.4 

7.8 

2.11 

0.27 

0.31 

.026 
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Ca 


+ 2 OH 


(2) 


Ca(OH)2 


OH'  + C02 


HC03 


(3) 


HC03"  + OH 


co3"“  + h2o 


(4) 


C03""  + Ca** 


CaC03 


(5) 


Investigators  have  shown  that  a soil  in  equilibrium  with  solid  CaC03  and 
atmospheric  levels  of  dissolved  C02  should  have  a pH  of  8.3  to  8.5  (Garrels 
and  Christ,  1965).  Presence  of  sodium  will  elevate  this  to  near  9.3,  while 
presence  of  more  soluble  sources  of  Ca  (gypsum)  may  lower  the  pH  to  7.5.  The 
time  required  for  the  elevated  pH  in  a Ca(OH)2  amended  soil  to  drop  from  12  to 
8 has  been  reported  to  be  as  long  as  12  months  or  more  Figure  4.2. 

In  the  column  studies  CO2  gas  was  introduced  to  soil  slurries  to  increase 
the  reaction  rates  of  the  equations  shown  above.  When  Ca(OH)2  was  added  and 
was  reacted  to  form  CaC03,  the  reduction  in  metal  solubility  was  equivalent  to 
unreacted  Ca(OH)2.  It  appears  that  there  is  an  advantage  to  raising  the  pH 
above  10  ("over-neutralization")  and  allowing  it  to  drift  back  to  an 
equilibrium  level  near  8.  The  formation  of  CaC03  in-situ  may  scavenge  metals 
out  of  the  system  by  co-precipitation.  Added  CaC03  may  be  coated  by  iron 
oxides  in  very  acid  soils  thus  limiting  reactivity.  The  higher  solubility  of 
Ca(0H)2  may  alleviate  the  coating  phenomenon.  Despite  specific  mechanisms, 
column  studies  indicate  that  Ca(0H)2  or  CaO  must  be  added  to  achieve  over- 
neutralization if  metal  levels  are  to  be  reduced. 

In  this  task  the  combined  use  of  smaller  fractions  of  Ca(0H)2  or  CaO  to 
achieve  immediate  pH  control  with  the  remaining  long-term  lime  requirement 
satisfied  by  an  addition  of  CaC03  will  be  tested.  Serial  application  of 
Ca(0H)2  or  CaO  in  combination  with  CaC03  may  reduce  the  persistence  of  high  pH 
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levels  in  treated  soils.  The  effects  of  various  lime  treatments  on  soluble 
metal  levels  will  also  be  investigated. 

Soil  amendment  microplots  (1x2  meters)  will  be  installed  on  two  sites 
(tailings  type  1 and  3),  one  which  responded  well  to  CaC03  application  and  one 
which  did  not.  Treatments  will  include  a 1)  control,  2)  CaC03,  3)  Ca(0H)2,  4) 
CaC03/Ca (0H)2  blend  1,  5)  CaC03/Ca(0H)2  blend  2,  6)  one  other  amendment 
strategy  developed  in  the  column  investigations.  Amendment  rates  will  be 
calculated  based  on  the  sulfur  fractions  and  level  of  active  acidity  usnig 
equation  1.  These  treatments  will  be  incorporated  both  dry  and  wetted.  There 
will  be  a total  of  24  microplots.  There  will  no  replication  of  treatments. 

The  soil  treatment  process  will  be  recorded  on  video  to  assist  co-workers 
involved  in  the  project  in  adapting  these  preliminary  field  tests  to  full- 
scale  plot  implementation  methods  using  heavy  equipment. 

Preliminary  laboratory  tests  will  be  run  to  determine  the  quantity  of 
water  required  for  the  lime  materials  to  adequately  react  with  soil  material 
to  cause  an  elevated  pH  response.  In  the  field,  amendments  will  be  spread  by 
hand  and  incorporated  dry  with  rear- tine  garden  roto- tiller.  Mixing  will  be 
assessed  by  applying  phenylthaline  solution  to  a cross-section  of  amended 
soil.  High  pH  soil  zones  will  turn  pink.  The  wetted  plots  will  have  water 
added  from  a metered  source  of  water  brought  to  the  site  in  a truck-bed 
mounted  water  tank  with  pump. 

Measured  response  of  these  treatments  will  include  pH,  EC,  and  metal 
(Cu,  Zn,  As,  Mn,  Cd)  levels  measured  before  creatment,  immediately  after 
treatment  and  2 months  after  treatment. 
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Figure  4.2.  Changes  in  pH  of  Ca(OH)2  amended  clay  soils  (from  McElroy, 

Charles.  1982.  Effectiveness  of  dispersed  clay  treatments.  Progress 
Report.  Soil  Mechanics  Laboratory.  USDA  South  National  Technical 
Center.  Ft.  Worth,  TX.  73p. 
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4.5  Task  5; Soil  Amendment  Incorporation 


4.5.1  Plot  Design 

Soil  amendments  and  species  mixtures  designed  during  the  on-going  Phase  I 
STARS  bench-scale  investigation  will  be  implemented  in  the  field  plots  at  five 
field  sites.  If  homogeneous  plot  areas  cannot  be  located  at  a candidate  site 
during  the  Transition  Phase  field  activities,  then  an  alternative  site 
location  may  be  substituted  for  that  waste  type. 


4.5.2 Specialized  Equipment  and  Resources 

A number  of  resources  must  be  mobilized  in  a timely  manner  to  implement 
the  field  plot  construction.  Soil  amendments  and  plant  materials  used  in  the 
Phase  I STARS  investigation  were  selected  partly  on  the  basis  of  cost  and 
availability.  These  resources  should  be  readily  obtained  for  field 
implementation.  Specialized  heavy  equipment  will  be  needed  for  mechanical 
deep  incorporation,  and  pressure-injection  of  amendments.  A substantial 
amount  of  grading  may  be  required  to  remove  fill  material  from  some  sites  and 
to  prepare  a cover-soil  wedge  for  each  site.  Cover-soil  material  typical  of 
that  available  in  large  quantities  along  Silver  Bow  Creek  will  need  to  be 
acquired  and  tested  for  nutrient  status. 

Equipment  for  pressure  injection  is  largely  proprietary  and  requires 
subcontracting  with  firms  specializing  in  pressure  injection.  The 
subcontracting  procedure  has  already  been  initiated  for  pressure  injection. 

It  is  anticipated  that  other  heavy  equipment  can  either  be  leased  and  operated 
by  project  personnel  or  bids  for  plot  contruction  will  be  obtained  from 
companies  with  personnel  that  are  trained  to  work  on  hazardous  waste  sites. 
This  precludes  the  need  extensive  subcontracting  and  for  specialized  health 
and  safety  training  for  equipment  operators.  A summary  of  specialized 
equipment  and  resources  is  presented  in  Table  4.4. 
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Table  4.4  Specialized  equipment  and  resources  required  for  implementation  of 
STARS  field  plots. 


ITEM  DESCRIPTION 

UNITS 

COST/UNIT 

COST 

Equipment 

D-8  Caterpillar  (or  equivalent)  site 

prep  24hrs 

$125/hr 

$3,000 

D-8  Caterpiller  (or  equivalent)  deep 

incorp  60  hrs 

$125 /hr 

$7,500 

Rear-dump  trucks  (cover-soil  hauling) 

170yds 

$12/yd 

$2,040 

Front-end  loader 

24hrs/site 

$50 /hr 

$6,000 

Water  truck 

1000  gal/site 

$0. 1/gal 

$5,000 

Farm  Tractor 

20hrs/site 

$50/hr 

$5,000 

Hydraulic  Soil  Auger  (Giddings  or  equivalent) 
Deep  Mechanical  incorporation  unit 

(Alberta  deep  plow  or  equivalent)  15 

$100/day 

$1,500 

mobilization 

Pressure  washer  (decontamination) 

45 

$ 45/day 

$2,400 

$2,025 

Water  tank  (decontamination) 

45 

$ 10/day 

$450 

Pressure  injection  (subcontracted)  * 

- 

_ * 

Materials 

Quicklime 

- 

$ 70/ton 

_ * 

Hydrated  Lime 

20  tons 

$ 60/ton 

$1,200 

Agricultural  Lime 

80  tons 

$ 40/ton 

$3,200 

Ferric  sulfate 

4 tons 

$275/ton 

$1,100 

Miscellaneous  seed,  plant  material,  and  fertilizer 

- 

$2,000 

* costs  for  separate  subcontracts  not  shown 
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4.5.3  Construction  Methods 


Improved  access  roads  will  be  constructed  to  facilitate  mobilization  of 
equipment  on  each  site.  Non-road  natural  areas  disturbed  during  construction 
of  the  plots  will  be  seeded  after  completion  of  plot  construction.  Rough 
grading  of  the  field  plots  will  be  performed  to  ensure  adequate  drainage  of 
surface  water  off  the  plots.  Where  non-tailings  fill  material  has  been  placed 
on  the  surface,  it  will  be  removed  from  the  plot  area,  stockpiled  on-site, 
covered  with  a thin  soil  cap  and  seeded.  Soil  amendments  for  the  agricultural 
and  deep  mechanical  incorporation  plots  will  be  surface-applied  using  a 
manually-operated  drop-type  fertilizer  spreader  modified  to  accommodate  high 
application  rates  of  low  density  material  (lime). 

A farm  tractor  with  moldboard  plow  will  be  used  for  the  agricultural 
implement  incorporation.  At  least  two  passes  of  the  plow  in  opposite 
directions  will  be  used  to  ensure  adequate  mixing.  Additional  passes  may  be 
required  if  indicated  by  construction  supervision  of  pH  response  (refer  to 
next  section) . Where  addition  of  water  is  required  for  the  hydration  reaction 
of  added  lime,  water  will  be  applied  to  the  plots  from  a water  truck.  As  the 
lime  slakes,  the  amended  soil  material  should  dry  sufficiently  to  allow 
additional  tillage  to  better  ensure  amendment  mixing.  Water  from  Silver  Bow 
Creek  will  be  used  for  hydration.  Reserved  water  will  be  obtained  from  a 
water  right  held  by  Dan  Ueland  who  lives  adjacent  to  the  study  area. 

A D-8  Caterpillar  tracked  bulldozer  (or  equivalent)  will  be  used  to 
provide  deep  mechanical  incorporation.  The  plowing  method  will  be  modified  to 
maximize  the  degree  of  amendment  mixing  achieved.  Two  passes  of  the  plow  will 
be  used  if  necessary  to  achieve  adequate  mixing.  Other  amendment 
incorporation  strategies  will  be  adapted  to  use  with  deep  mechanical 
incorporation  (ie.  spray  fluid  lime  onto  furrow  during  tillage)  during  Phase 
II  of  the  STARS  investigation.  For  deep  amendments  requiring  water  for 
hydration,  water  will  be  applied  and  the  plots  re-tilled  similar  to  the 
approach  used  for  the  agricultural  incorporation  method. 

For  the  cover-soil  wedge  area,  amendments  will  be  worked  into  soils  using 
the  agricultural  amendment  incorporation  technique.  The  cover-soil  wedge  will 
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range  from  0 to  18  inches  in  depth.  A portion  of  the  cover-soil  plot  will 
have  zero  cover-soil  thickness  to  allow  comparison  of  species  response  with  no 
cover-soil  to  response  with  various  cover-soil  thicknesses. 

Lime  slurry  pressure  injection  (LSPI)  was  pioneered  by  the  Woodbine 
Corporation  as  a method  for  increasing  soil  strength  of  expansive  clay  soils 
using  in-situ  modification  of  native  soil  material  (Boynton  and  Blacklock 
n.d.,  Appendix  D) . A slurry  of  slaked  quick-lime  is  mixed  on-site  in  a 17,000 
gallon  tanker-based  batch  plant.  An  injector  rig  typically  consists  of  a 
tracked  vehicle  with  a gang  of  20  foot  long  tubes  (1-2"  diameter)  spaced  on 
five  foot  centers.  The  rods,  with  an  orifice  in  the  tip,  are  advanced 
hydraulically  into  soil  material.  At  selected  depth  intervals,  the  quicklime 
slurry  is  injected  under  pressure  (>1000  psi)  into  the  soil  matrix.  In 
treated  expansive  clay  soils,  lime  fills  cracks  at  great  distances  (>5  feet) 
from  the  injection  site.  The  LSPI  technology  will  be  used  for  the  deep- 
pressure  injection  plots.  Amendments  to  be  injected  will  be  provided  by  the 
results  of  the  Phase  I STARS  project.  Field  plot  construction  will  be 
supervised  to  determine  if  the  LSPI  technology  can  achieve  an  adequate  degree 
of  mixing  of  amendments  into  contaminated  media. 

After  incorporation  of  all  amendments,  all  plots  including  the  control 
will  be  disced  to  loosen  and  prepare  the  seedbed.  Discing  will  break  up  large 
clods  left  by  deep  mechanical  incorporation  and  agricultural  plowing.  After 
seeding,  plots  will  be  fenced  to  exclude  grazing  and  to  protect  the  plots  from 
disturbance  by  off-road  vehicle  use. 


4... 5 *.4 Construction  Supervision 

Adequate  amendment  mixing  and  pH  control  is  essential  to  the  successful 
reduction  in  metal  mobility  required  in  the  STARS  plots.  To  better  ensure  the 
success  of  the  plot  construction,  construction  supervision  will  be  used  to 
measure  pH  response  and  degree  of  amendment  mixing.  After  completion  of  all 
initial  amendment  incorporation  (and  addition  of  water  if  applicable)  samples 
will  be  collected  from  at  least  four  random  locations  from  each  plot  (but  at 
least  3 feet  from  plot  edges)  and  paste  pH  readings  determined.  The  mean  pH 
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level  should  be  above  target  levels  (7.5  to  8.0)  for  the  amended  plot  area. 

If  pH  levels  are  below  the  target,  then  additional  tillage,  addition  of  more 
water,  or  addition  of  more  amendment  will  be  used  to  bring  pH  to  the  target 
level.  Shallow  soil  observations  will  be  excavated  to  observe  the  degree  of 
mixing  of  lime  amendments.  An  indicator  dye  and  BaS04  powder  (to  show  dye 
color)  will  be  spread  on  the  face  of  the  excavation  to  indicate  the 
variability  in  pH  level.  Supervision  of  all  amendment  incorporation 
operations  and  addition  of  water  will  be  supervised  by  an  on-site  inspector  at 
all  times. 

iui Task  6: Plot  Seedbed  Preparation.  Fertilization,  and  Seeding 

After  construction  and  amendment  of  the  field  plots,  at  least  one  month 
will  be  allowed  for  chemical  reactions  to  reach  equilibrium  and  for  pH  values 
to  reach  levels  below  9.0  before  seeding  is  initiated.  Fertilization  will  be 
necessary  and  recommendations  for  each  replicated  block  of  treatments  will  be 
developed  based  on  results  of  nutrient  tests.  Macronutrient  concentrations 
in  the  wastes  must  not  be  raised  to  medium  or  higher  levels.  Nitrogen  and 
phosphorus  must  be  maintained  at  "low"  levels  to  prevent  excessive  germination 
and  growth  of  weedy  species.  Therefore,  2 to  4 ug/g  potassium  chloride 
extractable  nitrate-nitrogen  in  the  plow  layer  is  adequate  for  the  species 
recommended  for  seeding  on  the  wastes.  Phosphorus  concentrations  should  also 
be  maintained  at  low  levels.  Bray  extractable  phosphorus  should  range  from  6 
to  15  ug/g  in  the  plow  layer. 

Fertilizer  nitrogen  and  phosphorus  will  be  supplied  by  a mixture  of  mono- 
ammonium phosphate  (112  N - 51Z  P205  - 02  K20),  and  ammonium  nitrate  (342  N - 
02  P205  - 02  K20),  while  boron  will  be  supplied  as  borax.  Fertilizer  will  be 
incorporated  into  the  root  zone  and  a seedbed  will  be  prepared  on  all  plots  by 
discing  and  harrowing.  This  activity  will  create  a firm  but  roughened 
surface . 

The  selected  mixture  of  species  will  be  broadcast  seeded  on  all  plots  at 

o 

a total  rate  of  50  seeds/ft  or  more.  The  composition  of  the  seed  mixes  will 
be  determined  by  Phase  I investigation.  Tentative  seed  mixes  for  each 
tailings  type  are  shown  in  Table  4.5. 


29 


Table  4.5  Tentative  recommended  seed  mixes  for  STARS  tailings  types. 


Waste  Type 

Vegetation 

Scientific  Name 

Common  Name 

1 

--Poa  compressa 

Canada  bluegrass 

Agropyron  trichophorum 

Pubescent  wheatgrass 

Festuca  ovina 

Sheep  fescue 

Deschampsia  caespitosa 

Tufted  hairgrass 

Elymus  angustus 

Altai  wildrye 

Elmyus  cinereus 

Basin  wildrye 

Agropyron  smithii 

Western  wheatgrass 

2-- 

--Calamovilfa  longifolia 

(Goshen) 

Prairie  sandreed 

Deschampsia  caespitosa 

Tufted  hairgrass 

Elymus  giganteus 

mammoth  wildrye 

Festuca  ovina 

Sheep  fescue 

Poa  compressa 

Canada  bluegrass 

3 

--Deschampsia  caespitosa 

Tufted  hairgrass 

Elymus  angustus 

Altai  wildrye 

Elymus  cinereus 

Basin  wildrye 

Agropyron  Smithii 

Western  wheatgrass 

Agropyron  trachycaulum 

Slender  wheatgrass 

In-place 

--Agropyron  trachycaulum 

Slender  wheatgrass 

Tailings 

Agropyron  smithii 

Western  wheatgrass 

Calamovilfa  longifolia 

(Goshen) 

Prairie  sandreed 

Deschampsia  caespitosa 

Tufted  hairgrass 

Elymus  cinereus 

Basin  wildrye 

Festuca  ovina  duriuscula 

Hard  sheep  fescue 

Poa  canbyi 

Canby  bluegrass 

Flooded  Agri 

--Agropyron  smithii 

Western  wheatgrass 

cultural  Lands 

Agropyron  trachycaulum 

Slender  wheatgrass 

Elymus  cinereus 

Basin  wildrye 

Elymus  angustus 

Altai  wildrye 

Stipa  viridula 

Green  needle  grass 
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Seeding  will  be  performed  after  October  15,  but  before  ground  freeze  to 
insure  that  the  seeds  remain  dormant  over  the  winter  avoiding  potential  cold- 
injury  to  seedlings.  A "dormant  seeding"  such  as  this  insures  the  best 
possible  stand  establishment  and  vigor  in  new  seedings.  immediately  after 
seeding,  plots  will  be  drug  or  cultipacked  to  cover  seed  and  to  insure 
adequate  soil  to  seed  contact.  if  an  early  cold  spell  freezes  the  ground  so 
that  it  cannot  be  seeded,  the  plant  propangules  will  be  stored  in  the  seed 
storage  facilities  of  the  Plant  Growth  Center  at  Montana  State  University. 
Seeding  will  subsequently  take  place  during  April,  1989.  Prior  to  broadcast 
seeding  in  the  spring,  the  plots  must  be  chiseled  to  prepare  the  new  seed  bed. 
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5 . 0 RESPONSE  VARIABLES 


The  scope  of  this  work  plan  includes  only  those  Phase  II  STARS  activities 
through  fall  seeding  in  1988.  Samples  collected  in  conjunction  with  plot 
construction  are  described.  Additional  samples  and  field  monitoring  data  will 
be  collected  in  order  to  monitor  the  response  of  the  plots.  A monitoring 
phase  work  plan  will  be  developed  to  cover  all  aspects  of  monitoring  of  plot 
response . 

Monitoring  of  a number  of  significant  response  variables  is  required  to 
measure  the  effectiveness  of  this  remedial  treatment  in  order  to  provide  the 
kind  and  quality  of  data  required  for  the  feasibility  study  analysis  of 
alternative  remedial  measures  (see  section  9.0,  Data  Analysis  and 
Interpretation) . The  goal  of  monitoring  the  plots  is  to  measure  the 
effectiveness  of  treatments  in  abating  metal  movement  into  surface  and 
groundwater,  to  measure  the  stability  of  the  revegetated  system,  and  to 
develop  field  scale  implementation  methods  for  STARS  remedial  treatments. 

Samples  of  soil  and  vegetation  will  be  taken  after  amending  and  seeding 
plots  to  assess  the  effects  of  treatments  on  soil  chemical  properties  and  on 
plant  uptake  of  metals.  Plant  performance  will  be  measured  quantitatively  on 
all  plots.  The  chemistry  of  leachate  will  be  monitored  through  use  of  suction 
lysimeters  installed  at  selected  depths.  The  quantity  of  leachate  will  be 
measured  through  development  of  a water  budget  for  the  plots.  Precipitation, 
and  soil  water  content  will  be  measured,  and  evapotranspiration  will  be 
estimated  from  other  climatic  properties  (temperature,  solar  radiation)  in 
order  to  develop  a water  budget.  Runoff  rates  and  chemistry  of  runoff  will  be 
measured.  Examples  of  the  kinds  of  data  to  be  collected  during  field 
monitoring  are  listed  in  Table  5.1. 


32 


* 


Table  5.1.  Response  variables  to  be  evaluated  in  the  Monitoring  Phase  of  the 
STARS  field  investigation. 


MEDIA 

RESPONSE  VARIABLE 

UNITS 

TYPICAL  METHOD 

Vegetation 

Germination 

2 

plants/m 

stand  counts 

Establishment 

2 

plants/m 

stand  counts 

Production 

g/m2 

total  biomass 

Cover 

(Z) 

visual  estimate 

Metal  levels 

mg/kg  tissue 

HN03  diges t/ICP 

Soil  Chemistry 

Total  Metals-baseline 

mg/kg  soil 

HN03/H202  digest 

Extractable  metals-baseline 

mg/kg  soil 

NH40Ac  pH  5.5 

Extractable  metals- treated 

mg/kg  soil 

same 

Soluble  metals-baseline 

mg/kg  soil 

water  extract/ICP 

Soluble  metals-treated 

mg/kg  soil 

same 

Organic  matter  level 

(Z) 

wet  digestion 

pH/EC 

SU,mmhos /cm 

electrochemical 

Leachate 

Quantity 

mm/year 

water  budget, 

model,  neutron 
probe . 

Metals,  major  ions 

«g/l 

suction  lys/ICP,FAA 

Runoff 

Quantity 

cm/hr 

rainfall  simulation 

Metals,  major  ions 

ug/1 

RF  simulation/ICP 
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6 . 0 SAMPLING  PLAN 


The  scope  of  this  work  plan  includes  only  those  Phase  II  STARS  activities 
through  fall  seeding  in  1988.  Samples  collected  in  conjunction  with  plot 
construction  are  described  in  this  work  plan.  Standard  Operating  Procedures 
(SOP's)  are  attached  in  Appendix  A listing  methods  to  be  used  for  soil 
description,  soil  sampling,  XRF  spectrometer  measurements,  measurement  of  pH, 
and  EC,  and  for  sample  handling.  Detailed  sample  collection  procedures  are 
presented  within  subtask  descriptions  (section  4.0).  The  quality  assurance 
program  to  be  implemented  is  discussed  in  section  8.0. 

Additional  samples  and  field  monitoring  data  will  be  collected  after  plot 
construction  in  order  to  monitor  the  response  of  the  plots.  A monitoring 
phase  work  plan  will  be  developed  to  cover  all  aspects  of  monitoring  of  plot 
response.  A specific  sampling  plan  including  sampling  methods,  media  to  be 
sampled,  sampling  schedule,  and  number  of  samples  will  be  developed  in 
conjunction  with  the  STARS  Monitoring  Sample  Analysis  Plan  (SAP) . 
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7 . 0 ANALYTICAL  METHODS 


Analytical  methods  referenced  in  this  document  are  described  in  detail  in 
the  STARS  Laboratory  Analytical  Protocol  (LAP)  document  (MSU  and  Schafer  and 
Associates  1987a).  Quality  assurance  and  data  quality  objectives  for  the 
STARS  investigation  are  described  in  the  STARS  Quality  Assurance  Program  Plan 
(QAPP)  document  (MSU  and  Schafer  and  Associates  1987b). 
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8.0  DATA  MANAGEMENT  AND  DATA  QUALITY  OBJECTIVES 


8.1  Quality  Assurance  Program  Overview 

Data  can  vary  in  quality  due  to  sampling  methodology,  sample  preparation, 
analytical  procedures,  laboratory  quality  control,  and  available 
documentation.  In  order  to  develop  a reliable  data  base  which  can  be  used  for 
development  of  remedial  alternatives  for  this  RI/FS,  standards  have  been 
developed  for  data  quality,  and  chain-of-custody  controls.  To  meet  this 
objective  a project  Quality  Assurance  Project  Plan  (QAPP),  (MSU  and  Schafer 
and  Associates  1987b)  for  the  STARS  project  has  been  prepared.  Field  and 
laboratory  methods  proposed  for  use  in  this  investigation  are  described  in  the 
STARS  LAP  (MSU  and  Schafer  and  Associates  1988a).  The  results  of  the  STARS  - 
Transition  Phase,  Phase  II  and  the  monitoring  phase  will  be  used  to  support 
the  selection  of  this  remedial  alternative.  Results  of  these  in-situ 
treatability  studies  may  also  be  used  on  other  studies  with  similar 
characteristics.  Sampling  and  analyses  for  tests  used  to  develop  predictive 
results  need  to  be  carried  out  with  the  same  levels  of  accuracy  and  precision 
that  were  established  during  the  STARS  - Phase  I effort.  (See  STARS  Phase  I 
QAPP  and  LAP  documents  for  details). 
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8.2  Data  Users 


The  primary  decision  makers  and  data  users  for  the  STARS  investigation 

are : 


Decision  Makers: 

Kathy  Demarinis  - Project  officer/  MDHES 
Scott  Brown  - RPM/USEPA 
Dave  Bunte  - SPM/CH2M  HILL 

Primary  Data  Users: 

Dennis  Neuman  and  staff  - SSPM/RRU,  MSU 

Bill  Schafer  and  staff  - SSPM/Schafer  and  Associates 

The  primary  data  users  are  those  individuals  involved  in  the  ongoing 
RI//FS  activities  for  STARS.  The  primary  data  users  for  this  site  are  the  SPM 
and  the  subcontractors  and  their  personnel.  The  RPM  and  the  SPM  will  work  in 
a parallel  fashion  and  be  continually  involved  with  the  technical  staff 
through  the  course  of  the  project.  Primary  data  users  will  attend  scoping 
meetings  which  will  be  used  to  review  available  data  and  identify  the  needs  of 
the  data  users. 

Secondary  users  would  be  any  individuals  of  parties  that  rely  of  these 
data  to  support  their  activities.  These  parties  include,  but  are  not  limited 
to: 

The  Office  of  Surface  Mining 
The  U.S.  Bureau  of  Mines 
The  U.S.  Geological  Society 

Counties  and  municipalities  in  which  Silver  Bow  Creek  flows 
EPA's  Mine  Waste  Group 

Personnel  working  on  other  CERCLA  projects  (especially  in  regions  8, 

9,  and  10)  where  STARS  revegetation  technology  may  be  useful 
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8.3  Data  Uses  and  Needs 


The  primary  objectives  of  the  Streambank  Tailings  and  Revegetation  Study 
(STARS)  are  to: 

GENERAL  OBJECTIVE  1:  Design,  field  test,  and  evaluate  the  response  of 

potential  remedial  measures  for  mitigation  of  human  health  and 
environmental  impacts  from  streambank  tailings  using  chemical 
microencapsulation,  deep  incorporation,  cover-soil  isolation,  and 
enhanced  evapotranspiration  techniques. 

GENERAL  OBJECTIVE  2:  Develop  a method  of  ranking  tailings-contaminated 

areas  for  selecting  contaminated  remedial  measures. 

These  objectives  will  allow  the  RI/FS  project  team  to  collect  the 
required  performance  data  to  design  selected  innovative  remedial  alternatives 
for  consideration  in  the  feasibility  study. 


The  specific  objectives  for  Transition  Phase  and  Phase  II  of  the  STARS 
project  are  to: 

SPECIFIC  OBJECTIVE  1:  Locate  and  delineate  field  plot  locations  for  each 
candidate  soil  or  tailings  (waste)  investigated  in  Phase  I column 
and  greenhouse  investigations.  Suitable  sites  will  be  determined  to 
be  representative  of  the  candidate  sample,  relatively  homogeneous, 
and  accessible  by  heavy  equipment. 

SPECIFIC  OBJECTIVE  2:  Samples  will  be  obtained  from  each  plot  at  each 

site  and  will  be  analyzed  for  those  parameters  necessary  to  design 
field  treatments.  Determination  of  RAS  metal  levels  and  of  plant 
nutrient  availability  is  also  required.  Splits  of  samples  will  be 
archived  for  comprehensive  analysis  at  a later  date.  These  archived 
splits  will  represent  unamended  (baseline)  chemical  conditions. 
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SPECIFIC  OBJECTIVE  3:  Selected  soil  amendments  will  be  incorporated  into 

field  plots  at  the  candidate  sites  using  agricultural  tillage 
implements  (6  inch  depth  of  incorporation),  mechanical  deep- 
incorporation  methods  (18  inches),  and  pressure  injection  methods 
(to  20  feet  or  more). 

SPECIFIC  OBJECTIVE  4:  After  waiting  for  chemical  amendments  to 

equilibrate  for  a specified  period,  selected  acid-  or  metal-tolerant 
vegetation  will  be  seeded  into  the  chemically- treated  plots  by  the 
fall  of  1988  for  a dormant  seeding. 

8.4  Data  Types 

Data  types  required  to  complete  each  specific  objective  are: 

o Characterization  of  the  mine  waste  materials  to  assess  field 
variability  at  each  site. 

o Characterization  of  the  mine  wastes  within  each  selected  field  plot 
to  determine  soil  amendment  rates,  to  design  fertilizer  rates,  to 
measure  total  metal  levels  for  verification  of  the  field  XRF 
results,  and  to  determine  pH,  EC,  and  texture.  These  will  be  used 
to  assess  field  plot  homogeneity. 

o Preliminary  field  testing  of  soil  amendments. 

Table  8.1  Summarize  these  data  types  with  respect  to  necessary  parameters. 
Descriptive  data  gathered  at  each  sampling  location  with  help  determine 
homogeneity  of  the  selected  plots.  The  physical  and  chemical  nature  of  the 
mine  waste  materials  must  be  known  in  order  to  select  subplots  for 
implementation  of  the  different  treatments. 


* 
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Table  8.1.  Data  Uses,  Objectives,  and  Types  for  STARS  Transition  Phase 


Data  Uses 


Assessment  of  Field 
Variability 


Assessment  of  Field 
Plot  Homogeneity 


Preliminary  Field 
Testing  of  Waste 
Amendments 


Obj  ectives 


Data  Types  & Parameters 


To  locate  and  delineate 
field  plots  within  each 
site 


To  design  waste ( tailings ) 
amendment  rates 

To  design  fertilizer 
requirements  and  rates 


To  verify  field  XRF 
measurements  of  metals 
in  wastes 

To  evaluate  physico- 
chemical properties 

To  evaluate  transition 
from  bench-scale  to 
pilot-scale  in  the 
field 


Field  pH 
Field  EC 

Field  XRF  Measurements 
Depth  of  Waste  (tailings) 
Depth  to  ground  water 
Proximity  to  Silver  Bow 
Creek 

SMP  lime  buffer  requirement 
modified  acid-base  account 

Nit rate -nitrogen 
Phophorus 
Potassium 
Boron 

Total  metals  in 
wastes ( tailings ) 

pH 

EC 

Texture 

PH 

EC 

Soluble  As,Cd,Cu,and  Zn 
Physical  condition  of 
wetted  wastes 
Water  requirements 
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8.5  Data  Quality 


Table  8.2  summarizes  the  analytical  levels,  types  of  analyses,  limitations  of 
the  analyses,  and  data  quality  for  the  various  data  uses.  The  data  will  be 
used  to  assess  homogeneous  and  representative  subplots  at  each  field  site, 
choosing  alternatives,  and  for  designing  the  field  trials.  Mine  waste 
characteristics  and  contaminants  of  particular  concern  are  pH,  EC,  total 
Al,  As,  Cd,  Cu,  Mn,  Ni,  Pb,  Zn,  and  sulfur  species.  Other  significant 
characteristics  are  levels  of  plant-available  nutrients  including  N,P,K,  and 
boron  (B),  and  water  soluble  levels  of  As,  Cd,  Cu,  and  Zn.  Laboratory  QC 
requirements  for  detection  limits,  laboratory  spike  recovery,  laboratory 
duplicate  analysis,  and  laboratory  control  sample  analysis  are  given  in  Table 
3A  of  the  STARS  QAPP  Document. 
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Table  8.2.  Summary  of  analytical  levels  appropriate  to  data  uses,  STARS  (Phase  II) 


Data  Uses 

Analytical  Level 

Type  of  Analysis 

Limi tations 

Data  Quality 

-Site  Character- 
ization 

-Monitoring  During 
Phases 

Level  I 

-Descriptive  (field 
guides ) 

-Field  instruments 

-Subjectivity  of 
descriptive  data 

-Quality  of  descrip- 
tive data  depends 
on  experience  of 
sampler 

-If  instruments  are 
calibrated  and 
data  interpreted 
properly  can 
provide  reliable 
screening  type  data 

-Evaluation  of 
Alternatives 
-Monitoring  During 
Phases 

-Engineering  Design 
for  Field  Trials 

Level  III 

-Inorganics  using  EPA 
procedures  other  than 
can  be  analyte 
speci f ic 

-Physical  parameters 
-Vegetation  parameters 

-Tentative  ID  in 
some  cases 

-Similar  detection 
limits  to  CLP 
-Less  rigorous  QA/ 
QC  than  level  IV 

-Evaluation  of 
Alternatives 
-Engineering  Design 
for  Field  Trials 

Level  IV 

-Inorganic  by  GC/MS,AA, 
ICP 

-Low  ppb  detection 
limit 

-Some  time  may  be 
required  for 
validation  of 
packages 

-Goal  is  data  of 
known  quality 
-Rigorous  QA/QC 

-Evaluation  of 
Alternatives 
-Engineering  Design 
for  Field  Trials 

Level  V 

-Non -convent iona l 
parameters 
-Method-speci f i c 
detection  limits 
-Modification  of 
Existing  Methods 

-May  require 
method  development 
modi f ication 
-Lead  time  necessary 
to  obtain  special 
services 

-Method  specific 
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iL_6 OA/OC  Objectives 


The  overall  quality  assurance  objective  for  measurement  data  is  to  ensure 
that  data  of  known  and  acceptable  quality  are  provided.  The  data  will  be  of 
the  quality  to  withstand  the  scrutiny  of  litigation.  In  order  to  meet  these 
objectives,  the  following  QA/QC  parameters  will  be  addressed  for  data 
measurements : 

o Comparability 

o Completeness 

o Representativeness 

o Accuracy 

o Precision 

Overall  precision  and  accuracy  targets  for  chemical  contaminant 
measurements  have  been  set  at  90  percent  confidence  with  a 10  percent 
deviation.  Comprehensive  implementation  procedures  for  precision  and  accuracy 
assurance  are  referenced  in  the  QAPP  (MSU  and  Schafer  and  Associates  1987). 


8.7  Quality  Control 

To  measure  the  precision  and  accuracy  of  laboratory  data  for  samples 
collected  the  following  field  quality  control  sample  protocols  have  been 
established  (Table  8.3): 
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Table  8.3.  Generalized  QA/QC  steps  for  mine  waste  samples. 


1)  Replicate  samples  will  be  inserted  into  the  sample  train  at  a 
frequency  of  one  in  twenty  for  waste  samples.  Additional 
replicates  or  other  QA/QC  samples  will  be  used  to  provide  a 
statistically  defensible  QA/QC  data  set  for  all  sample  runs. 

2)  Cross  contamination  blanks  will  be  inserted  into  the  sample  train  at 
a frequency  of  one  in  twenty,  when  necessitated  by  sampling 
procedures . 

3)  Blind  standard  samples  will  be  inserted  into  the  sample  train  at  a 
frequency  of  one  in  twenty  where  standards  are  available. 


The  Standard  Operating  Procedure  for  insertion  of  QA/QC  samples  (SOP-6, 
Appendix  A)  addresses  the  methods  and  timing  of  QA/QC  samples  in  greater 
detail . 

Quantitative  on-site  measurements  including  soil  and  pH,  EC,  and  XRF 
metal  content  will  be  subjected  to  QA/QC  provisions  to  define  the  quality  of 
field  data.  The  following  data  verification  steps  will  be  implemented 
for  field  measurements  (Table  8.4): 


44 


Table  8.4.  Generalized  QA/QC  steps  for  field  measurements 


1)  Soil  pH,  SC  (1:10),  and  XRF  measurements  will  be  performed  in 
replicate  on  samples  splits  (1  in  20)  to  provide  a measure  of 
precision. 

2)  Instrument  calibration  with  known  standards  and  field  checking  EPA 
pH  and  SC  reference  materials  at  a frequency  of  1 in  20  will  be  used 
to  provide  a measure  of  data  accuracy. 

3)  Other  on-site  data  collected  will  be  replicated  at  a frequency  of 
not  less  than  1 in  20  to  provide  a measure  of  precision.  Accuracy 
estimates  will  be  based  on  methodology  cited  and  professional 
judgment  due  to  the  lack  of  available  standards  for  these 
measurements . 


8.8  Overview  of  Sampling  and  Monitoring 

A number  of  soil  samples  will  be  submitted  for  laboratory  analysis  as 
part  of  the  STARS  Field  Site  Selection  and  Sampling  activities.  These  will 
include  1)  waste  samples  analyzed  for  properties  used  for  design  of  amendment 
rates,  2)  samples  submitted  for  RAS  total  metal  analysis  to  be  used  for 
verification  of  XRF  data,  3)  samples  measured  for  nutrient  levels  (N,P,K,  and 
boron  (B))to  determine  fertilizer  requirements,  and  4)  archived  samples 
representing  baseline  soil  chemical  conditions.  Samples  will  be  collected 
from  all  plots  from  0-6  inches,  from  6-18  inches  for  the  mechanical  deep 
incorporation  plots,  and  from  18  inches  to  the  base  of  the  tailings  in  the 
pressure  injection  plots.  The  approximate  number  of  natural  and  QA/QC  samples 
to  be  submitted  are  outlined  in  Table  8.5. 
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Table  8.5.  Summary  of  samples  to  be  submitted  to  a laboratory  from  the  STARS  Field 


Site  Selection 

and  Sampling 

activities . 

MATRIX  SOURCE 

ANALYSES 

DEPTH  

SAMPLE  TYPES  

(in)  NATURAL 

STANDARDS  REPLICATES  CROSS-CONT.  TOTAL 

BLANKS 

Soil 

Plots 

[SAS :pH,EC, 

SMP ] 0-6 

120 

0 

6 

0 

126 

[S  fractions,  ] 6-18 

40 

0 

2 

0 

42 

[texture 

] 18-48 

20 

0 

1 

0 

21 

COVER- SOIL 

5 

0 

1 

0 

6 

195 

Soil 

Plots 

[RAS : total 

] 0-6 

20 

5 

5 

3 

33 

[metals 

] 6-18 

3 

0 

0 

0 

3 

18-24 

2 

0 

0 

0 

2 

COVER- SOIL 

0 

0 

0 

0 

0 

38 

Soil 

Plots 

[Plant 

] 0-6 

20 

0 

1 

0 

21 

[nutrient 

] 6-18 

20 

0 

1 

0 

21 

[ levels 

] 18-24 

20 

0 

1 

0 

21 

COVER- SOIL 

5 

0 

1 

0 

6 

69 

Soil 

Plots 

[Archived 

] 0-6 

120 

0 

6 

0 

126 

[(not  analyzed]  6-18 

40 

0 

2 

0 

42 

[at  this  time)]  18-24 

20 

0 

1 

0 

21 

COVER-SOIL 

5 

0 

1 

0 

6 

195 
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Samples  will  be  collected  from  the  microplots  described  in  task  4 before 
treatment,  after  treatment,  and  two  months  after  treatment.  Samples  will  be 
analyzed  for  pH,  EC,  and  soluble  levels  of  Cu,  Zn,  As,  Cd,  and  Mn.  There  will 
be  32  microplots  sampled  three  times  each  resulting  in  96  natural  samples.  An 
additional  five  QA/QC  samples  will  also  be  analyzed.  Due  to  the  short  time 
frame  for  this  task,  analyses  will  be  performed  at  MSU  to  provide  rapid 
turnaround  time  on  analytical  results.  Analytical  methods  are  outlined  in  the 
STARS  LAP  (MSU  and  Schafer  and  Associates,  1987). 
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9 Equipment 


The  necessary  field  equipment,  supplies  and  safety  equipment  required  to 
carry  out  the  Silver  Bow  Creek  study  are  presented  in  Table  8.5. 

Table  8.6.  Monitoring,  sampling  and  safety  equipment  list  for  the  Silver  Bow 
Creek  STARS  investigation. 


CH2M  HILL 

MSU,  SCHAFER  AND  ASSOCIATES 

700  ICHEM  Jars  - 8 ounce 

XRF  unit  rental 
(2)  pH  Meter  and  Electrode 
pH  2,  4,  7 and  10  Buffer  Standards 

EPA  Sample  Tags  - 80 

(2)  Conductivity  Meter  and  Probe 

SAS  Packing  Lists  - 40 

Conductivity  Standards 

Custody  Seals  - 3 boxes 

EPA  standards  pH  and  SC 

Chain  of  Custody  Records  - 40 

1000  ml  Poly  Beakers  - 6 

Federal  Express  Air  Bills  - 40 

200  ml  Poly  Beakers  - 6 
disposable  styrofoam  cups  for 

"Fragile"  and  "This  Side  Up" 

pH  and  SC  measurement 

Labels 

NBS  River  sediment  standard  (BFS) 

ITR  forms  - 20 

Squirt  Bottles 
Kimwipes 
Meter  Tape 
Bucket  Auger 
Oakfield  Probe 
Shovels 

Hydraulic  Probe 

48 


Table  8.6.  (continued). 


CH2M  HILL 


SCHAFER  AND  ASSOCIATES 


plastic  sampling  equipment 
Hand  Trowel 

Plastic  Ground  Sheeting 
Custom  Field  Report  Forms 
Clear  Tape  for  Cooler  Labels 
Container  for  Kimwipes  in  the 
Field  - 2 

Masking  Tape  (to  label  jars) 

- 2 rolls 

Duct  Tape  (for  inside  coolers) 

- 5 rolls 

Distilled  Water  (for  decontam- 
ination) - 40  gallons/f ield 
collection 

Thermometer  (outdoor)  - 1 
Munsell  soil  color  book 
standard  SCS  soil  morphology  code 
book 

1 Inch  Foam  Rubber  - 4 foot/cooler 
Log  Book  (3  ring  binder)  - 1 
Log  Book  (bound) 

Site  Map 

Portable  Water  Jug  (2  gal.) 

Paper  Drinking  Cups 
Cotton  Coveralls  - 6 
10  rubber  gloves 

100  plastic  booties  (disposable) 
100  garbage  bags  (disposal) 
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Table  8.6. 


(continued) . 


CH2M  HILL 


SCHAFER  AND  ASSOCIATES 


Respirators  (dust  cartridges) 

Field  health  and  safety  manuals 

Cotton  Gloves  - 15  pair 

Hard  Hats  - 6 

Safety  Glasses  - 6 pair 

Boots  (steel  shank  and  toe)  - 4 pair 

First  Aid  Kit 

Eye  Wash  Kit 

Fire  Extinguisher 

Stretcher 

Clothes  Brush 

Plastic  Pails  (for  decontamination) 
Plastic  Water  Container 
Hand  Soap 
Paper  Towels 

Sharpies  and  Ball  Point  Pens 
35  mm  Camera 
Color  Print  Film 

Plastic  Ground  Sheeting  to  set  up 
Decontamination  if  necessary 
Funnel  for  Decontamination  Water 
Wind  Indicator  Flag  (surveying  tape) 
Parafilm 
Handiwipes 
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9.0  DATA  ANALYSIS  AND  INTERPRETATION 


Data  collected  to  evaluate  the  STARS  Phase  II  field  investigation  will  be 
sufficient  to  evaluate  the  STARS  remedial  alternative  in  light  of  the  nine 
criteria  used  for  analysis  of  alternative  remedial  measures  under  SARA  RI/FS 
guidance  (Table  9.1).  A control  (unamended,  seeded)  plot  will  be  used  at  all 
sites  so  that  treatment  response  can  be  compared  against  a "no  action" 
alternative.  In  addition,  treatment  effectiveness  will  be  compared  to 
contaminant  specific  ARAR's  developed  for  the  site.  The  primary  effect  of  a 
STARS  treatment  would  be  in  reducing  mobility  of  contaminants,  although  some 
reduction  in  surface  concentration  of  contaminants  could  result  due  to 
dilution.  Hence,  the  impact  of  STARS  on  site  ARAR's  would  be  inferred  largely 
by  assessing  the  effectiveness  in  reducing  flux  of  metals  into  ground  water, 
surface  water,  and  air. 

Specific  data  collection  and  analysis  for  the  STARS  Phase  II  project  will 
focus  on  those  remedial  alternative  evaluation  criteria  that  are  least  well 
understood  including 

o long-term  effectiveness 

o reduction  of  toxicity,  mobility,  and  volume 

o implementability 

o cost 

o compliance  with  ARAR's 
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Table  9.1 
RI/FS 


Criteria  for  detailed  analysis  of  remedial  alternatives  in  the 

process  mandated  by  SARA  (from  EPA,  1988)  OSWER  Dir.ctiv#  9355.3-01 

CRITERIA  FOR  DETAILED  ANALYSIS  OF  ALTERNATIVES 


SHORT-TERM 

EFFECTIVENESS 

LONG-TERM 

EFFECTIVENESS 

REDUCTION  OF  TOXCfTY, 
MOBILITY.  AND  VOLUME 

IMPLELCNTAfltUTY 

COST 

• Produedon  of  Community  • Magnrtuda  of 
Dumg  Ramadiai  Acaon*  Raaiduai  Riak 


• TrMffnont  Procaas  Usad  and 
Matanals  Traaad 


• Ability  b Construct  and  a Cuxaj 
Oparata  Bo  Tacnnoiogy  Cotta 


r II  U'UWCW.W  II  YVyRffl 

During  Ramadiai  Action* 


• Adequacy  of 
Conrois 


• Environmental  knpacta  • RaSabPty  of 

Consols 

• TanoLMI  Ramadiai 
Action  ObiocBvoa  Art 
Acfiwvod 


• Amount  of  Hazardous 
Maiarials  Dassoyad  or 
Traaiad 

• Oagraa  of  E^actad 
Raducoons  in  Toncny, 
MoMty.  and  Voluna 

• Oagraa  B WNefi 
Traamaot  la  irravarsibla 

• Typo  and  Quantity  of 
Rasiduais  Ramammg  Altar 
Traaonant 


• RaHaMiy  of  Ba  •Opanong  and 

Tacnnoiogy  Maimananc*  Cotta 

• Easa  of  Undartaking  • Praaam  Worm 

Additional  Ramadial  Cost 

Action*.  U Naoa*aary 

• Abiity  B Monitor  Effactrva- 
noaa  ol  Ramady 

• Ability  to  Obtain 
Approvals  From  OB  or 
Aganaas 

• Coordination  With  QBtr 
Aganaas 


• Availability  of  Offiita 
Traatmant  Storaga.  and 
Disposal  Sarvicas  and 
Capaoty 


• Availability  of  Nacassary 
Eoupmant  and 
Spaaalists 


• Timing  of  Naw  Tacftnoiogy 
Undar  ConaidaratBo 


PROTECTION  OF  HUMAN  HEALTH 
AND  THE  ENVIRONMENT 


• Hoar  Aftamatrva  Provtdaa  Human 
Haaitn  and  Enwonmantal  Prot acaon 


COMPLIANCE  WITH  ARARa 

• Compiianca  WIB  Contaminant- Spaafic 
ARARa 

• Compiianca  WiB  Acflon-Spaafic  ARAB* 

• Compiianca  WiB  LocaaorvSoaaAc  ARAR* 

• Compiianca  WIB  Omar  Cnrana.  Advison#*, 
and  Gwoancas 


STATE1 

COMiAJNITY1 

ACCEPTANCE 

ACCEPTANCE 

Only  vary  pralmnary  aaaaaamana  of  Baaa  critana  w*l  ba  ndudad  in  Ba  RUF  S.  Thay  win  ba  lu>y  aaaaaaad  m Ba  proooaad  pian  and  Ba  ROO. 
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10.0  HEALTH  AND  SAFETY 


Health  and  safety  plans  have  been  developed  for  the  Silver  Bow  Creek  site 
by  Schafer  and  Associates  and  HSU.  Personnel  to  work  on-site  during  sample 
collection  will  have  received  an  EPA  40  hour  health  and  safety  training  course 
for  hazardous  waste  site  workers  which  meets  OSHA  training  standards.  An  8- 
hour  refresher  course  has  been  attended  by  all  personnel.  New  site  workers 
will  be  accompanied  by  a trained  worker  for  their  first  24  hours  on-site.  In 
addition,  a medical  monitoring  plan  will  be  in  effect  for  all  workers  in 
accordance  with  OSHA  requirements. 

Additions  and  amendments  to  the  current  Health  and  Safety  plans  are 
required  to  provide  protection  to  on-site  workers  from  the  effects  of 
quicklime  and  hydrated  lime  (Material  Safety  Data  Sheets  attached.  Appendix 
E) . Both  of  these  materials  are  corrosive  and  react  strongly  or  violently 
with  water.  As  a result,  they  are  skin  and  eye  irritants.  Full  dermal 
protection  (disposable  coveralls,  gloves,  plastic  steel-toe  boots)  and  a 
decontamination  procedure  are  required  for  on-site  workers  exposed  to  these 
amendments.  Full-face  cartridge- type  respirators  with  dust  cartridges  are 
also  required.  During  other  activities  where  elevated  dust  levels  occur, 
full-  or  half-face  respirators  are  required  to  protect  against  inhalation  of 
metal-enriched  dust. 

11.0  RESIDUALS  MANAGEMENT 

The  STARS  treatment  technology  is  designed  for  reducing  mobility  of 
inorganic  contaminants  in  soil  materials.  Residuals  produced  through  chemical 
reactions  in  contaminated  soil  become  an  integral  part  of  the  soil  matrix  . 
These  residuals  (metal  oxides,  metal  carbonates,  alkaline  carbonates)  provide 
the  mechanism  for  reducing  contaminant  mobility. 

Vegetation  produced  on  treated  wastes  may  be  viewed  as  a residual. 
Vegetation  will  be  sampled  and  tested  to  see  if  unacceptable  levels  of  metals 
accumulate  making  forage  unsuitable  for  livestock  or  wildlife  use.  If  forage 
produced  is  deemed  unsuitable  for  use  as  forage,  then  in  the  final  remedial 
design,  grazing  may  be  excluded  using  institutional  land  use  controls.  It 
should  be  noted  that  if  single  plant  species  have  unacceptable  metal  levels, 
the  total  dietary  intake  of  grazing  animals  may  be  acceptable  if  balanced  by 
forage  which  is  lower  in  metal  levels.  Vegetation  in  the  STARS  field  plots, 
if  found  to  be  potentially  unacceptable  for  grazing,  will  either  be  fenced  to 
exclude  grazing  or  vegetation  will  be  destroyed  with  herbicides  at  the 
conclusion  of  plot  monitoring  activities. 
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12 . 0 SCHEDULE 


The  schedule  for  implementation  of  the  STARS  Field  Site  Selection  and 
Sampling  activities  is  shown  in  Figure  12.1.  Timely  initiation  and  completion 
of  these  activities  are  essential  to  maintain  the  overall  STARS  project 
schedule . 


SU3TASKS 

STARS-Transition  Phase 

No.l  Assess  Field  Variability 

No. 2 Design,  Locate,  Delineate 
Field  Plots 

No. 3 Preliminary  Sampling 
Laboratory  analysis: 
acid-base  account 
pH,  EC,  texture 
fertility 
RAS  metals 

No. 4 Preliminary  Field  Testing 
of  Amendments 


June July  

15  30  15  30 


Auo . 

15  30 


Sept . 

15  30 


Oct . 

IS  30 


Nov 

15 


1 — 

t 

1 

1 

— 1 

STARS-Phase  II 

No. 5 Soil  Amendment  incorporation 

No. 6 Seedbed  Preparation,  fertili 
zation  and  Seeding 


Figure  12.1  STARS  Field  Site  Selection  and  Sampling  schedule. 
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APPENDIX  A 


STREAMBANK  TAILINGS  AND  REVEGETATION  STUDY 
STANDARD  OPERATING  PROCEDURES 

SOP  Is  SAMPLE  pH 
SOP  2:  SAMPLE  EC 
SOP  3:  SOIL  HAND  TEXTURE 
SOP  4:  SOIL  SAMPLE  COLLECTION 
SOP  5:  SOIL  DESCRIPTION 
SOP  6:  QA/QC  SAMPLES  AND  DOCUMENTATION 
SOP  7:  PRESERVING  AND  SHIPPING  SAMPLES 


XRF  CALIBRATION/OPERATION 


SOP  1 


SAMPLE  PH  MEASUREMENT 


Summary  of  Method 

The  pH  of  each  sample  will  be  determined  electrochemically , using  a glass 
combination  electrode  and  a portable  field  pH  meter  with  temperature 
compensation. 


Sample  Handling 

Soil  samples  will  be  placed  in  styrofoam  cups  and  a made  into  a 
saturation  paste.  Paste  pH  will  be  determined  approximately  30  seconds  after 
placing  the  pH  electrode  and  thermistor  in  the  soil  paste.  The  measured  value 
will  be  recorded  on  custom  data  forms  (Appendix  B) . If  leachate  quantity  is 
sufficient  (>15  ml) , a subsample  will  be  placed  in  a plastic  vial  and  pH 
measured  directly.  A form  for  recording  data  for  leachates  recovered  from  the 
TEMPE  cells  is  included  in  Appendix  B. 

Interferences 

The  glass  electrode  is  generally  not  subject  to  solution  interferences 
from  color,  turbidity,  colloidal  matter,  oxidants,  reductants  or  high 
salinity.  Sodium  error  at  pH  levels  greater  than  10  can  be  reduced  or 
eliminated  by  using  a "low  sodium  error"  electrode.  Coatings  of  oily  or 
particulate  matter  can  impair  electrode  response,  but  can  be  removed  by  gentle 
wiping  or  detergent  washing,  followed  by  distilled  water  rinsing.  An 
additional  treatment  with  hydrochloric  acid  (1:9)  may  be  used  to  remove  any 
remaining  film.  Interferences  with  pH  measurements  caused  by  temperature  will 
be  compensated  for  by  use  of  an  automatic  temperature-compensated  field  pH 
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meter. 


Apparatus 

A portable  Cole-Parmer  (research  grade)  field  pH  meter  with  integral 
thermistor  will  be  used.  A combination  glass  electrode  will  be  used. 


Calibrations 

The  instrument/electrode  system  will  be  calibrated  at  two  points  that 
bracket  the  expected  pH  of  the  samples  and  are  approximately  three  pH  units  or 
more  apart.  Buffers  at  pH  4,  7 and  10  will  be  available.  The  pH  meter  will 
also  be  adjusted  for  the  temperature  of  the  buffer  solution.  Calibration  can 
be  set  in  a EPROM  chip  in  the  field  pH  meter  and  will  be  checked  daily  for 
accuracy  against  pH  buffer  solutions.  Results  of  calibration  checks  will  be 
recorded  on  the  same  forms  with  measured  pH  of  natural  samples. 


Standards 

Primary  EPA  pH  standards  will  be  used  for  an  additional  QA/QC  accuracy 
check  at  a frequency  of  one  in  20  measurements.  Standard  samples  will  be 
prepared  in  accordance  with  EPA  methodology. 


Procedure 


1.  Standardize  the  meter  and  electrode  system  according  to 
manufacturers  recommendations. 

2.  Place  the  buffer  solution  into  a clean  glass  beaker  using  sufficient 
volume  to  cover  the  sensing  elements  of  the  electrode. 

3.  Temperature  of  the  solution  will  be  recorded  on  the  field  sheets  to 
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provide  a cross-check  for  anamolous  data. 


4.  After  rinsing  and  gently  wiping  the  electrode,  if  necessary,  it  will 
be  immersed  into  the  sample  beaker  and  gently  agitated  at  a constant 
rate  to  homogenize  the  liquid  sample  or  soil  suspension.  A slow 
stirring  rate  will  minimize  the  air  transfer  at  the  air/water 
interface.  Note  and  record  pH  and  temperature. 

The  EPA  standard  method  (150.1)  for  measurement  of  pH  in  water  is  attached. 

Calculation 

pH  meters  read  directly  in  pH  units.  pH  will  be  recorded  to  the  nearest 

0 . 1 unit . 


Precision  and  Accuracy 

Precision  of  water  and  soil  pH  measurements  will  be  based  on  readings  of 
sample  splits.  Accuracy  will  be  based  on  calibration  checks  and  values  for 
blind  field  standards  (EPA  primary  standards). 
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available  with  various  spccificalions  and  optional  equipment.  pH  values  must  be  corrected.  Instruments  are  equipped  with  automatic  or 
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Aiimnplirric  Environment.  Vol.  12.  pp.  2313-2319.  1978. 


SOP  2 


SAMPLE  EC  MEASUREMENT 


Summary  of  Method 

Soil  and  leachate  submitted  for  laboratory  determination  will  have 
Electrical  Conductance  (EC)  measured.  The  EC  of  a 1 to  10  soil  to  water 
suspension  will  be  performed  on  soil  samples  where  field  measurements  of  EC 
are  needed  for  sample  location  screening. 

Electrical  Conductivity  will  be  measured  using  a self-contained  portable 
conductivity  meter  (Cole-Parmer  type) . Temperature  corrections  will  be  made 
for  solutions  where  the  temperature  is  not  25°.  Electrical  conductivity  will 
be  reported  at  25°. 


Comments 

The  instrument  will  be  standardized  with  KCL  solution  before  daily  use. 
Conductivity  cell  will  be  kept  clean.  Temperature  variations  and  corrections 
generally  represent  the  largest  source  of  error. 

Sample  Handling  and  Preservation 

Each  soil  sample  will  be  prepared  in  styrofoam  cups  using  a known  volume 
measure  scoop  and  a measured  volume  of  water  to  yield  a 1 to  10  soil  solution 
ratio.  The  sample  will  be  stirred  and  sediment  allowed  to  settle.  Specific 
conductance  will  be  measured  in  the  supernatant  immediately  following  each  pH 
measurement.  The  EC  of  leachate  samples  will  be  measured  directly  on  a 
subsample  if  sample  volume  is  sufficient  (>12  ml). 
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Apparatus 


Conductivity  meter;  range  1 to  10000  umhos  per  centimeter. 

Conductivity  cell;  cell  constant  1.0  or  micro-dipping  type  cell  with  1.0 
constant.  YSIH3Y03  or  equivalent. 

Thermometer. 


Reagents 

Standard  potassium  chloride  solution,  0.01  M. 


Cell  Calibration 

The  analyst  will  calibrate  the  EC  meter  following  manufacturers 
directions.  Temperature  compensation  will  be  provided  for  solutions  deviating 
from  25  degrees  (C) . Calibration  checks  of  the  instrument  with  a KC1 
reference  solution  and  with  EPA  standards  will  be  recorded  on  data  sheets  with 
natural  sample  EC  measurements. 


Procedure 


1.  Follow  manufacturer's  directions  for  the  operation  of  the 
instrument. 

2.  Determine  temperature  of  sample  within  0.5°C.  Set  the  solution 
temperature  on  the  EC  meter  to  convert  to  25°C: 

3.  Record  measured  values  of  EC  in  umhos/cm  at  25°C,  onto  custom  forms 
(Appendix  B) . 

The  EPA  standard  method  (120.1)  for  measurements  of  EC  in  water  is  attached. 
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Precision  and.  Accuracy 


Precision  of  water  and  soil  EC  measurements  will  be  based  on  readings  of 
sample  splits.  Accuracy  will  be  based  on  calibration  checks  and  values  for 
blind  field  standards  (EPA  primary  standards). 
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CONDUCTANCE 


Method  120.1  (Specific  Conductance,  irnihos  at  250O 

STORET  NO.  00095 


1.  Scope  and  Application 

1 . 1 This  method  is  applicable  to  drinking,  surface,  and  saline  wates,  domestic  and  indus- 
trial wastes  and  add  rain  (atmospheric  deposition). 

2.  Summary  of  Method 

2. 1 The  specific  conductance  of  a sample  is  measured  by  use  of  a self-contained  conductivity 
meter,  Wheatstone  bridge-type,  or  equivalent. 

2.2  Samples  are  preferable  analyzed  at  25°C.  If  not,  temprature  corrections  aremade  and 
results  reported  at  25°C. 

3.  Comments 

3.1  Instrument  must  be  standardized  with  KC1  solution  before  daily  use. 

3.2  Conductivity  cell  must  be  kept  clean. 

3.3  Field  measurements  with  comparable  instruments  are  reliable. 

3.4  Temperature  variations  and  corrections  represent  the  largest  source  of  potential  error. 

4.  Sample  Handling  and  Preservation 

4. 1 Analyses  can  be  performed  either  in  the  field  or  laboratory. 

4.2  If  analysis  is  not  completed  within  24  hours  of  sample  collection,  sample  should  be 
filtered  through  a 0.45  micron  filter  and  stored  at  4°C.  Filter  and  apparatus  must  be 
washed  with  high  quality  distilled  water  and  pre-rinsed  with  sample  before  use. 

5.  Apparatus 

5.1  Conductivity  bridge,  range  1 to  1000  /miho  per  centimeter. 

5.2  Conductivity  cell,  cell  constant  1.0  or  micro  dipping  type  cell  with  1.0  constant.  YSI 
#3403  or  equivalent. 

5.4  Thermometer 

6.  Reagents 

6. 1 Standard  potassium  chloride  solutions,  0.01  M:  Dissolve  0.7456  gm  of  pre-dried  (2  hour 
at  105°C)  KC1  in  distilled  water  and  dilute  to  1 liter  at  25°C. 

7.  Cell  Calibration 

7.1  The  analyst  should  use  the  standard  potassium  chloride  solution  (6.1)  and  the  table 
below  to  check  the  accuracy  of  the  cell  constant  and  conductivity  bridge. 


Approved  for  NPDES 
Issued  1971 

Editorial  revision,  1982 


120.1-1 
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Micromhos/cm 


Conductivity  0.01  m KC1 
°C 


21 

1305 

22 

1332 

23 

1359 

24 

1386 

25 

1413 

26 

1441 

27 

1468 

28 

1496 

8.  Procedure 

8.1  Follow  the  direction  of  the  manufacturer  for  the  operation  of  the  instrument. 

8.2  Allow  samples  to  come  to  room  temperature  (23  to  27°C),  if  possible. 

8.3  Determine  the  temperature  of  samples  within  0.5°C.  If  the  temperature  of  the  samples 
is  not  25°C,  make  temperature  correction  in  accordance  with  the  instruction  in  Section 
9 to  convert  reading  to  25°. 

9.  Calculation 

9.1  These  temperature  corrections  are  based  on  the  standard  KC1  solution. 

9.1.1  If  the  temperature  of  the  sample  is  below  25°C,  add  2%  of  the  reading  per  degree. 

9.1.2  If  the  temperature  is  above  25°C,  subtract  2%  of  the  reading  per  degree. 

9.2  Report  results  as  Specific  Conductance,  /ymhos/cm  at  25°. 

10.  Precision  and  Accuracy 

10.1  Forty-one  analysts  in  17  laboratories  analyzed  six  synthetic  water  samples  containing 
increments  of  inorganic  salts,  with  the  following  results: 


Increment  as 

Precision  as 

Accuracy  as 

Specific  Conductance 

Standard  Deviation 

Bias, 

Bias, 

% 

umhos/cm 

100 

7.55 

-2.02 

-2.0 

106 

8.14 

-0.76 

-0.8 

808 

66.1 

-3.63 

-29.3 

848 

79.6 

-4.54 

-38.5 

1640 

106 

-5.36 

-87.9 

1710 

119 

-5.08 

-86.9 

(FWPCA  Method  Study  1,  Mineral  and  Physical  Analyses.) 


10.2  In  a single  laboratory  (EMSL)  using  surface  water  samples  with  an  average 
conductivity  of  536  //mhos/cm  at  25°C,  the  standard  deviation  was  ±6. 
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SOP  3 

FIELD  SOIL  TEXTURE  (HAND  TEXTURE) 


Soil  texture  is  thought  to  be  an  important  parameter  influencing  the 
chemistry,  hydraulic  properties,  and  remedial  design  for  streambank  waste 
deposits.  Estimation  of  soil  texture  class  is  a component  of  soil  horizon 
descriptions.  Therefore,  estimates  of  soil  texture  will  need  to  be  made  in 
the  field. 

Soil  texture  class  is  determined  by  measuring  or  estimating  the  amount  of 
sand  (.05  to  2 mm  size  fraction),  silt  (.002  to  .05  mm  size  fraction),  and 
clay  (less  than  .002  mm  size  fraction)  in  a soil  sample.  The  relative  amounts 
of  each  particle  size  are  used  to  place  the  soil  on  a trilinear  diagram 
(below)  which  is  broken  into  texture  classes. 
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The  method  for  determining  soil  texture  by  estimation  is  known  as  "hand 
texturing"  or  the  "feel  method".  A description  of  this  method  is  shown  below 
All  hand  textures  should  be  performed  by  personnel  experienced  in  this  method 
Precision  and  accuracy  will  be  provided  by  professional  judgment. 


DETERMINING  SOIL  TEXTURE  BY  THE  "FEEL  METHOO* 
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SOP  4 


SOIL  SAMPLE  COLLECTION 


Soil  samples  will  be  collected  using  various  coring  devices  as  described 
in  the  technical  memorandum.  Samples  will  be  collected  from  various  depth 
intervals  corresponding  to  the  depth  of  incorporation  anticipated  for  each  plot 
sampled.  Each  sample  collected  will  be  deposited  directly  into  a plastic  tub 
by  scraping  with  a plastic  trowel  or  dumping  from  the  coring  tool.  The  sample 
will  then  be  mixed  and  any  clods  will  be  broken  up. 

Samples  will  be  split  by  mixing  and  dividing  on  a canvas  sheet  or  by  use 
of  a mechanical  sample  splitter.  A subsample  will  be  set  aside  for  XRF 
determination  where  appropriate.  Sample  splits  for  CLP  submission  or  for  use 
as  a replicate  will  also  be  obtained  as  described  above.  A small  amount  of 
soil  will  be  placed  into  two  styrofoam  cups  for  pH  and  SC  determination.  The 
sample  will  then  be  transferred  to  a 16  ounce  ICHEM  jar. 

Between  sample  collection,  all  equipment  will  be  cleaned  thoroughly  with 
a stiff  brush  and  rinsed  with  distilled  water  and  paper  towels.  The  kimwipe 
blank  will  be  prepared  by  wiping  the  sampling  device  and  placing  the  kimwipe 
in  a sample  container. 
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SOP  5 


SOIL  MORPHOLOGY  AND  SITE  DESCRIPTION  METHOD 

A description  of  each  soil  sample  location  will  be  developed.  The 
description  will  consist  of  a generalized  description  of  the  site  as  well  as  a 
description  of  the  morphological  features  of  each  soil  horizon. 

The  site  description  will  include  an  assessment  of  a number  of 
generalized  features  including  sample  location,  soil  classification,  site 
number,  number  of  horizons  described,  soil  parent  material,  land  cover  type, 
dominant  and  co-dominant  species,  approximate  canopy  cover  and  percent  bare 
ground,  land  use,  soil  drainage  class  and  permeability,  evidence  of  erosion, 
slope,  aspect,  landscape  position,  landform,  proximity  to  the  Silver  Bow  Creek 
channel,  depth  of  tailings  and  depth  to  ground  water  (if  present).  Features 
described  will  be  encoded  on  field  forms  developed  for  this  purpose.  The 
forms  are  used  to  input  data  into  the  PEDFORM  system,  a proprietary  database 
system  for  use  with  Dbase  III+  so  that  soil  morphology  data  can  be  readily 
linked  to  laboratory  chemical  and  physical  data.  Numerical  codes  used  in 
PEDFORM  are  attached. 

Soil  morphological  features  will  be  described  for  individual  horizons 
described  in  each  soil  excavation.  Horizon  depths  will  conform  to  sampling 
depths  for  ease  in  interpretation.  Horizons  will  be  differentiated  using 
professional  judgment  based  on  discernible  differences  in  soil  characteristics 
such  as  parent  material,  texture,  color,  structure,  consistence,  or  other 
features.  For  each  horizon,  the  following  features  will  be  described:  depth, 

texture,  moist  and  dry  color  (hue,  value,  and  chroma  using  Munsell  color 
notation),  texture  (SOP-3),  structure,  consistence,  roots,  pores, 
effervescence  in  HC1,  and  boundary  distinctness,  and  shape.  Horizon 
descriptions  and  horizon  names  will  be  developed  in  accordance  with  procedures 
established  by  the  National  Cooperative  Soil  Survey  (SCS  staff,  1975). 
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Table  A-l.  Index  for  parent  material,  vegetation,  and  land  use  codes 
in  the  PEDFORM  system. 


Code 

Parent  Material 

Code 

Vegetation 

Code 

Land  Use 

01 

volcanic  ash 

01 

mixed  coniferous 

01 

commercial  forest 

02 

loess 

02 

ponderosa  pine 

02 

non-comm.  forest 

03 

glacial  outvash 

03 

lodgepole  pine 

03 

forest 

04 

glacial  till 

04 

spruce-fir 

04 

range 

05 

lacustrine 

05 

larch-fir 

05 

dryland  crop 

06 

peat 

06 

Douglas-f ir 

06 

irrigated  crop 

07 

muck 

07 

mixed  deciduous 

07 

irrigated  hay 

08 

residual  sandst. 

08 

cottonwood 

08 

dryland  hay 

09 

residual  shale 

09 

aspen 

09 

pasture 

10 

residual  siltst. 

10 

trees 

10 

residential 

11 

residual  limest. 

11 

dryland  crop 

11 

urban 

12 

resid.  crystalline 

12 

irrig.  field  crop 

12 

disturbed  land 

13 

mixed  alluvium 

13 

row  crops 

13 

strip  mine 

14 

alluvial 

14 

horticultural  crop 

14 

mill  tailings 

15 

colluvial 

15 

riparian 

15 

mine  dump 

16 

solif lucate 

16 

mixed  shortgrass 

16 

wildland 

17 

sandst.  alluvium 

17 

mixed  midgrass 

17 

landfill 

18 

shale  alluvium 

18 

shrubs  & grasses 

19 

siltst.  alluvium 

19 

halophytic 

20 

crystalline  alluv. 

20 

sedges  & rushes 

21 

limestone  alluv. 

21 

perennial  forage 

22 

tailings 

22 

tame  pasture 
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T hie  A-2.  Index  for  codes  for  drainage,  permeability,  erosion, 

landscape,  position,  and  landform  type  in  the  PEDFORM  system 


Code  Erosion 


Code  Drainage 


01  very  poor 

02  poor 

03  poor  to  moderate 

04  moderate 

05  well 

06  well  to  excessive 

07  excessive 

08  altered,  drained 

09  altered,  wetted 


Code  Permeabililty 


01  very  slow 

02  slow 

03  slow  to  medium 

04  medium 

05  medium  to  rapid 

06  rapid 

07  very  rapid 


01  none 

02  slight 

03  moderate 

04  severe 

05  slight-wind 

06  moderate-wind 

07  severe-wind 


Table  A-3 


index  for  landscape  position  and  landform  codes  in  the 
PEDFORM  SYSTEM. 


Code  Landscape  Position 


Code  Landform 


01  crest 

02  ridge 

03  upper  midslope 

04  midslope 

05  lower  midslope 

06  footslope 

07  level  slope 


01  sedimentary  upland 

02  mountains 

03  playa 

04  alluvial  fan 

05  sand  dune 

06  glacial  outwash 

07  ground  morraine 

08  alpine  till 

09  terrace 
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10 


floodplain 

11  plateau 

12  solifluction  lobe 

13  patterned  ground 

14  backswamp 

15  landslide 

16  badlands  r 

17  disturbed  land 

18  talus 
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Aaa  -in  the  PEDFORM  system. 
Table  A-A . Index  for  texture  codes  rn 


— 

___ 

Cc 

Code 

Symbol 

Texture 

— 

___  USDA  TEXTURE  — 

01 

s 

sand 

02 

Is 

loamy  sand 

03 

If  s 

loamy  fine  sand 

04 

lvf  s 

loamy  very  fine  s. 

05 

si 

sandy  loam 

06 

f si 

fine  sandy  loam 

07 

vf  si 

v.  fine  sandy  loa 

08 

1 

loam 

09 

sil 

silt  loam 

10 

scl 

sandy  clay  loam 

11 

cl 

clay  loam 

12 

sicl 

silty  clay  loam 

13 

sc 

sandy  clay 

14 

c 

clay 

15 

sic 

silty  clay 

16 

cos 

coarse  sand 

17 

f s 

fine  sand 

18 

vf  s 

very  fine  sand 

19 

si 

silt 

- 



Code  Symbol 


Texture 


__  FAMILY  TEXTURE 

20  sndy 

21  colo 

22  cosi 

.23  fil0 

24  fisi 

25  fine 

m26  v£ 

27  sskl 

28  lskl 

29  cskl 

30  frag 

31  ashy 

32  mdl 

33  hstc 

34  fbrc 


sandy 

coarse  loamy 
coarse  silty 
fine  loamy 
fine  silty 
fine 

very  fine 
sandy  skeletal 
loamy  skeletal 
clayey  skeletal 
f ragmental 

ashy 
medial 
histic 
f ibric 
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Table 

A-5  . Index  for  structure  grade, 
PEDFORM  system. 

size,  and  kind  used  in  the 

Code 

Structure  grade 

Code  Structure  kind 

01 

massive 

01 

massive 

02 

weakrpeds  barely  observable  in  place 

02 

platy 

and  when  disturbed  peds  remain 

03 

granular 

03 

weak  to  moderate 

04 

subangular  blocky 

04 

moderate:  peds  easily  observable 

05 

angular  blocky 

and  when  disturbed  most  of  material 

06 

prismatic 

consists  of  peds. 

07 

columnar 

05 

moderate  to  strong 

08 

wedge 

06  strong:  peds  distinctly  visible, 

when  disturbed  entire  soil  mass  is 
aggregated 


Code  Size  Class  Diameter  Thickness  Diameter  Diameter 

of  granules  of  plates  of  blocks  of  prisms 

( mm  ) 


01 

very  fine 

<1 

<1 

<5 

<10 

02 

fine 

1-2 

1-2 

5-10 

10-20 

03 

medium 

2-5 

2-5 

10-20 

20-50 

04 

coarse 

5-10 

5-10 

20-50 

50-100 

05 

very  coarse 

>10 

>10 

>50 

>100 
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Table  A-6  . Index  for  soil  consistence  in  the  PEDFORM  system. 


Code 

Dry  consistence 

Code 

Moist  consistence 

01 

loose 

01 

loose 

02 

soft:  easily  crushes  to 

02 

very  friable:  crushes  under 

powder 

gentle  pressure 

03 

slightly  hard:  easily 

03 

friable:  crushes  easily  under 

broken  between  thumb  and 

moderate  pressure  be tween "THUMB 

finger 

and  finger 

04 

hard: easily  broken  in  hand 

04 

firm:  crushes  under  moderate 

05 

very  hard:  broken  in  hands 

pressure  between  thumb  and  finger 

with  difficulty 

05 

very  firm:  barely  crushable 

06 

extremely  hard:  cannot  be 

between  thumb  and  finger 

broken  in  hands 

06 

extremely  firm:  crushes  under 

07 

indurated 

strong  pressure  in  hand 

07 

indurated 

Code 

Wet  stickiness 

Code 

Wet  plasticity 

01 

nonsticky:  no  adherence 

01 

nonplastic:  no  wire  formed 

02 

slightly  sticky:  adheres  to 

02 

slightly  plastic:  wire  forms 

thumb  and  finger  but  comes 

but  easily  deformed 

off  one  cleanly 

03 

plastic:  wire  forms,  moderate 

03 

sticky:  soil  adheres  and 

pressure  required  to  deform 

stretches  before  pulling 

04 

very  plastic:  wire  forms,  much 

apart 

pressure  required  to  deform 

04 

very  sticky:  soil  adheres 

to  both  fingers 
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Table  A-7.  Index  for  root  abundance,  size,  and  location  in  the 


PEDFORM  system. 


Code 

Size 

Code 

Location 

01 

none 

01 

none 

02 

very  fine  (0.1 -1mm) 

02 

throughout  horizon 

03 

fine  and  very  fine 

03 

between  peds 

04 

fine  (l-2mm) 

04 

flattened  in  cracks 

05 

medium  and  fine 

05 

flattened  around  rocks 

06 

medium  (2-5mm) 

06 

mat  at  top  of  horizon 

07 

coarse  and  medium 

08 

coarse  (>5mm) 

09 

fine  and  coarse 

Code 

Abundance 

CLASS 

Very  fine 

Fine  Medium 

(NUMBER/DM* *2 ) --- 

Coarse 

01 

none 

02 

trace 

03 

few 

<10 

<10 

<1 

<1" 

04 

few  to  common 

05 

common 

10-100 

10-100 

1-10 

1-5" 

06 

common  to 

many 

07 

many 

>100 

>100 

>10 

>5" 
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Table  A-8.  Index  for  pore  abundance,  size,  and  kind  in  the  PEDFORM 


system. 


Code  Size  Code  Kind 


01 

none 

01 

02 

micro  and  very  fine 

02 

03 

very  fine  (,l-.5mm) 

03 

04 

fine  and  very  fine 

04 

05 

fine  (.5 -2mm) 

05 

06 

medium  and  fine 

06 

07 

medium  (2-5mm) 

07 

08 

coarse  and  medium 

08 

09 

coarse  (>5mm) 

09 

none 

irregular  and  tubular 
tubular 

tubular  continuous 
tubular  discontinuous 
vesicular 

vesicular  and  tubular 
interstitial  voids  between  peds 
interstitial  voids  between  rocks 


CODE 

ABUNDANCE 

CLASS 

VERY 

FINE 

FINE  MEDIUM 
(NUMBER/DM**2) 

COARSE 

01 

none 

02 

trace 

03 

few 

<10 

<10 

<1 

<1" 

04 

few  to  common 

05 

common 

10-100 

10-100 

1-10 

1-5" 

06 

common  to  many 

07 

many 

>100 

>100 

>10 

>5 
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Table  A-9.  Index  for  effervescence  in  HC1,  and  horizon  boundary 
in  the  PEDFORM  system. 


Code  Effervescence 

Lower  Horizon 

Boundary 

Code 

Distinctness 

Code  Shape 

01 

noncalcareous 

01 

abrupt  <lin. ) 

01 

smooth 

02 

slight 

02 

clear  (1-2. Sin.) 

02 

wavy 

03 

moderate 

03 

gradual  (2.5-5in.) 

03 

irregular 

04 

violent 

04 

diffuse  (>5in.) 

04 

broken 

05 

arbitrary 

05 

arbitrary 

06 

not  reached 

06 

not  reachi 
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SOP  6 


QA/QC  SAMPLES  AND  DOCUMENTATION 


This  SOP  addresses  the  types  of  QA/QC  samples  and  their  method  and  timing 
of  insertion  into  the  sample  matrix.  These  procedures  are  the  responsibility 
of  the  DCO.  QA/QC  samples  will  not  have  any  unique  identifying  codes  that 
could  enable  the  contract  laboratory  or  others  to  identify  these  samples  as 
such  and  thereby  bias  them  in  any  way.  There  may  be,  however,  obvious 
physical  differences  between  blind  field  standards  and  natural  samples  taken 
at  the  site.  The  QA/QC  samples  will  be  completely  identified  only  on  the 
Sample  Identification  Matrix,  which  will  not  be  sent  to  the  contract 
laboratory.  Samples  will  be  identified  as: 


N Natural  sample 

R Replicate  sample 

BFS  Blind  field  standard  (NBS) 

BB  Bottle  blank 

CCB  Cross-contamination  blank 


In  general,  a QA/QC  sample  will  be  inserted  into  the  sample  matrix  at  a 
frequency  of  1 roughly  1 in  20,  or  5 X.  Natural  soil  samples  will  be  collected 
with  plastic  sampling  implements  and  placed  in  8 ounce  ICHEM  jars. 

Replicate  samples  will  consist  of  a natural  soil  samples  placed  on  canvas 
sheet  and  mixed  thoroughly.  The  sample  will  be  split  by  quartering  the  canvas 
cloth.  All  pH  and  EC  measurements  should  be  performed  on  both  sample  splits. 

The  cross-contamination  blank  will  consist  of  a kim-wipe  used  as  a wipe 

/ 

test  of  the  sampling  device  after  decontamination.  Sample  equipment 
decontamination  will  consist  of  brushing  followed  by  a distilled  water  rinse. 
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The  "bottle  blank"  soil  sample  will  consist  of  a clean  kim-wipe  placed  in 
an  I-CHEM  jar. 

NBS  blind  field  standards  will  be  poured  directly  into  an  I-CHEM  jar  and 
submitted  as  the  blind  field  standard.  Approximately  5 grams  of  NBS  standard 
will  be  used.  EPA  and  NBS  standards  for  water  samples  will  be  prepared  in 
accordance  with  the  suppliers  directions. 


Documentation 


Complete  and  accurate  sample  documentation  is  essential  to  insure  data 
integrity  and  validity.  It  will  be  the  responsibility  of  the  Document  Control 
Officer  (DCO)  to  assure  that  all  QA/QC  goals  are  met.  A final  check  to  see 
that  all  proper  physical  sample  handling,  QA/QC,  and  and  data  control 
protocols  have  been  followed  will  help  insure  a usable  data  base. 

The  documents  to  be  completed  during  the  project  may  include: 


1.  Site  / Horizon  description  form 

2.  pH  and  EC  data  form 

3.  XRF  data  form 

4.  ITR  form 

5.  Chain-of-Custody  Records 

6.  SAS  Packing  Lists 

7.  EPA  sample  tags 

8.  Rapid  Carrier  Forms 

9.  Daily  Site  Condition/Activity  Form 


Examples  of  each  of  the  forms  can  be  found  in  Appendix  B.  All  documents 
will  follow  strict  chain-of-custody  procedures.  While  documents  are  being 
prepared  in  the  field  or  laboratory,  custody  will  be  maintained  by  the  DCO. 
After  the  work  has  been  completed,  photocopies  of  the  documents  will  be  used 
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as  working  documents.  A logbook  of  field  and  laboratory  work  will  be 
maintained  with  daily  notations  of  work  performed,  accomplishments,  samples 
collected,  deviations  from  SOP's  and  justification  (if  any). 

The  purpose  of  documents  is  to  contain  enough  information  to  reconstruct 
the  sampling  event  without  the  aid  of  the  technical  crew.  It  will  be  the 
DCO's  responsibility  to  assure  the  sufficient  detail,  correctness  and  legal 
integrity  of  the  documents.  All  entries  will  be  made  in  indelible  ink  and  all 
corrections  will  consist  of  initialed  and  dated  line-out  deletions.  At  the 
completion  of  each  sampling  day,  the  entries  will  be  initialed  and  dated  by 
both  the  DCO  and  the  original  author.  A line  will  be  drawn  through  the 
remaining  page  to  prevent  unauthorized  additions. 
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SOP  7 


SAMPLE  PREPARATION  AND  PRESERVATION 


The  DCO  will  direct  all  packaging  and  shipping  procedures.  Each 
scientist  and  technician  involved  in  obtaining  samples  will  be  responsible  for 
a specific  task  to  ensure  consistency. 


Procedure 


1.  All  soil  sampling,  decontamination,  QA/QC  samples,  sample  splits, 
and  pH  and  SC  measurement  should  be  completed  for  each  sample. 

2.  Upon  filling  a soil  sample  container,  a completed  EPA  custody 
seal  over  the  top  of  the  container.  The  custody  seal  serves 

two  purposes.  It  secures  custody  of  the  sample  and  it  secures  the 
lid  of  the  container. 

3.  An  EPA  sample  tag  is  completed  by  a field  scientist,  and  is  taped 
securely  to  the  sample  container. 

4.  The  samples  will  then  be  placed  into  a cooler  labeled  "SOIL  SAMPLES" 
or  "WATER  SAMPLE",  with  the  site  identification  and  date  also 
written  on  the  cooler  top.  Since  soil  samples  will  be  in  glass 
ICHEM  jars,  they  will  be  packed  with  vermiculite  to  prevent 
breakage.  The  cooler  will  be  packed  full,  so  there  is  no  empty 
space  for  the  contents  to  move  about. 

5.  When  the  cooler  is  full,  or  when  the  sample  collection  is  complete, 
a Chain-of-Custody  form,  Inorganic  Traffic  Report  (ITR)  (for  Routine 
Analytical  Services  - RAS),  or  Special  Analytical  Service  (SAS) 
packing  list,  and  sample  identification  matrix  form  will  be 
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completed.  A prenumbered  airbill  will  be  assigned  to  that  cooler. 
Examples  of  all  forms  are  in  Appendix  B. 

6.  The  DCO  will  double  check  the  forms  to  assure  those  samples 
mentioned  on  the  COC,  ITR  and  SAS  are  all  present  and  accounted  for 
in  the  cooler.  He/she  will  document  this  on  the  ITR,  SAS  Packing 
List  and  Sample  ID  Matrix. 

7.  The  cooler  will  be  clearly  marked  "FRAGILE/THIS  SIDE  UP"  on  all  four 
sides  and  the  top  as  appropriate. 

8.  The  DCO  will  then  place  the  proper  COC,  ITR  and  SAS  Packing  Lists  in 
a Ziploc  bag,  taped  to  the  inside  roof  of  the  cooler. 

9.  The  DCO  or  scientist  will  then  close  the  cooler  and  affix  the 
airbill  to  the  top  of  the  cooler. 

10.  The  DCO  or  field  scientist  will  then  seal  the  cooler  and  place  the 
appropriate  COC  seals  (one  in  front  and  one  in  back) , signed  and 
dated,  on  the  cooler. 

11.  The  field  scientist  will  then  place  fiberglass  tape  over  the  custody 
seals  and  around  the  cooler,  making  sure  everything  is  secure. 

12.  The  cooler  will  be  labeled  as  to  type  of  samples  and  date  of 
sampling,  with  a large  felt-type  pen. 

13.  The  cooler(s)  will  then  be  transported  to  a secure  storage  facility, 
where  they  can  be  kept  under  custody  until  they  are  shipped. 
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SOP  8 

X-RAY  FLUORESCENCE  SPECTROMETER  (XRF)  USE  AND  CALIBRATION 


The  chemical  characterization  of  soil  samples  in  the  field  will  be 
determined  by  the  field  portable  x-ray  fluorescence  (XRF)  spectrometer  ATX-100 
instrument  manufactured  by  Aurora  Tech,  Inc,  331  Rio  Grande  Street,  Salt  Lake 
City,  Utah.  The  instrument  uses  low  level  self-contained  and  shielded 
radioactive  sources  that  produce  spectral  peaks  whose  position  (energy  level) 
is  specific  to  an  individual  element  and  whose  peak  height  or  area  which  is 
indicative  of  the  concentration  of  that  element  within  the  area  exposed  to  the 
source.  Two  sources  are  proposed  to  be  used,  cadmium-109  (15  millicuries)  and 
iron-55  placed  by  the  manufacturer.  These  sources  will  allow  semi- 
quantitative  determination  of  the  copper,  zinc,  arsenic,  iron,  manganese  and 
lead  concentrations. 

The  detection  limit  for  each  parameter  is  a function  of  source  strength, 
geometry/particle  size,  counting  time,  and  the  concentration  of  other 
elements.  Since  the  source  strength  and  instrument  geometry  are  constants, 
the  detection  limit  is  dependent  on  geometry/particle  size,  counting  time,  and 
concentration.  It  has  been  demonstrated  that  80  mesh  particle  size  dominantly 
composed  of  a siliceous  or  calcareous  skeletal  matrix  will  give  analytical 
results  within  20  percent.  The  larger  the  particle  size,  the  larger  the 
error.  In  a soil  matrix  the  larger  the  particles,  the  larger  the  error.  A 
rock  made  up  of  fine-grained  minerals,  however,  will  essentially  have  the  same 
precision  and  accuracy  as  a finely  ground  sample. 

The  XRF  spectrometer  will  be  calibrated  at  Aurora  Tech  using  several 
samples  of  waste  material  that  were  collected  and  analyzed  as  part  of  the 
STARS  Phase  I activities.  These  same  samples  will  be  used  to  ensure 
calibration  of  the  instrument  at  each  collection  site  during  field  activities. 
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This  field  calibration  will  be  based  on  the  factory  calibration.  Peak 
area  counts  and  index  values  for  the  field  calibration  will  be  compared  to  the 
initial  calibration  and  levels  of  Cu,  Zn,  Fe,  Mn,  Pb,  As,  and  Cd  will  be 
recorded  in  the  field.  Data  for  all  spectral  lines  will  be  uploaded  onto  a 
compact  battery-powered  microcomputer  in  the  field.  A backup  hard  copy  of  the 
data  will  be  maintained  to  protect  against  inadvertent  data  loss  or  equipment 
malfunction. 

Spectral  overlap  of  As/Pb  peaks  will  be  resolved  using  matrix  correction 
of  secondary  peaks. 
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APPENDIX  B 


STANDARD  FORMS 
SOIL  pH  AND  EC  DATA  FORM 
SITE  DESCRIPTION  FORM 
HORIZON  DESCRIPTION  FORM 
DAILY  SITE  CONDITION/ACTIVITY  FORM 
INORGANIC  TRAFFIC  REPORT  FORM 
CHAIN- OF- CUSTODY  RECORD 
SAS  PACKING  LIST 
EPA  TAG 
CUSTODY  SEALS 

SAMPLE  IDENTIFICATION  MATRIX 
RAPID  CARRIER  FORM 
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1ATRIX  : 


LOCATION: 


TYPE 

« 


L = LYSIMETER,  IR  = IRRIGATION/RUNOFF 

ie.  RF 1 5 = RAMSAY  FLATS  SAMPLE  15.  THESE  SHOULD 

MATCH  THE  STATION  LOCATION  ON  THE  SAMPLE  ID  MATRIX  FORM 


N = NATURAL  SAMPLE , R = 
BLANK , BB  = BOTTLE  BLANK 


REPLICATE,  CCB  = CROSS-CONTAMINATION 
BFS  = BLIND  FIELD  STANDARD 
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Schafer  & Associates 

P O.  Box  6186 
Bozeman,  MT  597/5 

(406)  587-3478 


Waste  Management 
Land  Reclamation 
Resource  Inventory 
Agricultural  Consulting 


SOIL  SERIES: 

LOCATION  2 
CLASSIFICATION: 
DATE  SAMPLED: 


SITE  DESCRIPTION 

PEDFORM  Coding  Fora  - Soil  Profilt  Description  Site  Information 


SITE  NUMBER: 


COUNTY: 


ELEVATION: 


(FT  or  M)  PRECIPITATION: 


(IN  or  MM) 


MATERIAL 

VEGETATION 

LAND  USE 

01 

volcanic  ash 

01  mixed  coniferous 

01 

commercial  forest 

02 

loess 

02  ponderosa  pine 

02 

non-comaerc ial  forest 

03 

glacial  outwash 

03  lodgepole  pine 

03 

forest 

04 

glacial  till 

04  spruce-fir 

04 

range 

OS 

lacustrine 

05  larch-fir 

05 

dryland  crop 

06 

peat 

06  Douglas  fir 

06 

irrigated  crop 

07 

auck 

07  mixed  deciduous 

07 

irrigated  hay 

08 

residual  sandstone 

08  coctonwood 

08 

dryland  hay 

09 

residual  shale 

09  aspen 

09 

pasture 

10 

residual  silcstone 

10  trees 

10 

res  ident ial 

1 1 

residual  limestone 

1 1 dryland  crop 

1 1 

urban 

12 

residual  crystalline 

12  irrigated  field  crop 

12 

disturbed  land 

13 

mixed  alluviua 

1 3 row  crops 

13 

strip  mine 

14 

a l luv iua 

14  horticultural  crop 

14 

mill  tailings 

15 

co 1 luv iua 

1 5 r ipar i an 

15 

mine  dump 

16 

sol i f lucate 

16  mixed  shu::^rass 

16 

wi  ldland 

17 

sandstone  alluviua 

17  mixed  midgrass 

17 

land  fill 

18 

shale  alluviua 

18  shrubs  and  grasses 

18 

subirrigated  hay 

19 

silcscone  alluviua 

19  halophytic 

20 

crytalline  alluviua 

20  sedges  and  rushes 

21 

limestone  alluviua 

21  perennial  forage 

22 

tailings 

22  tame  pasture 

23  bare  ground 

24  dead  litter 

DRA INACE 

PERMEABILITY 

EROSION 

01 

very  poor 

01  very  slow 

01 

non* 

02 

poor 

02  slow 

02 

slight 

03 

somewhat  poor 

03  moderately  slow 

03 

moderate 

04 

moderately  well 

04  moderate 

04 

severe 

05 

well 

05  moderately  rapid 

05 

slight  - wind 

06 

somewhat  excessive 

06  rapid 

06 

moderate  - wind 

07 

excess  ive 

07  very  rapid 

07 

severe  - wind 

08 

altered,  drained 

09 

altered,  wetted 

SLOPE: 

deg,  X 

ASPECT: 

SOIL  TEMP  (50  cm):  F 

LANDSCAPE  POSITION 

LANDFORM  NUMBER  HORIZONS: 

01 

crest 

0 1 

sed.  upland 

10 

floodplain 

02 

ridge 

02 

mountains 

1 1 

plateau 

03 

upper  aids  lope 

03 

playa 

12 

mud  flow 

04 

midslope 

04 

a l Ivl . fan 

13 

patterned  ground 

05 

lower  midslope 

05 

sand  dune 

14 

backswamp 

06 

foot  s lope 

06 

outwash 

15 

lands  lide 

07 

level  slope 

07 

ground  morrain 

16 

badlands 

08 

alpine  till 

17 

disturbed  land 

09 

terrace 

18 

talus 

COMMENTS: 
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Schafer  & Associates 

P O.  Box  6 / <96 
Bozeman.  XI T 597/5 

(406)  537-3478 


Waste  \lanj 
Ljnd  Reclamation 
Resource  Inventor, 
Agricultural  Consulting 


HORIZON  DESCRIPTION 

PEDFORM  Coding  Fora  - Soil  Profile  Description  Horizon  Data 


SITE  NUMBER: 

HORIZON  DESIGNATION: 
MOIST  COLOR: 


HORIZON  NUMBER: 

START  DEPTH:  (cm) 

DRY  COLOR: 


END  DEPTH:  (cm) 

COARSE  FRAGMENTS: 


C) 


TEXTURE 


STRUCTURE 


CONSISTENCE 


01  • 

02  Is 

03  Ifs 

04  Ivfs 

05  si 

06  fsl 

07  vfsl 

08  l 

09  si l 

10  sc l 

11  cl 

12  s ic  l 

13  sc 
c 

s ic 


14 

15 


16  cos 


17  fs 

18  vfs 

19  si 

20  sndy 

21  co-lo 

22  co- si 

23  fi-lo 

24  fi-si 

25  fine 

26  very  fine 
s . ski. 

1.  ski. 

29  c.  ski. 

30  frag. 

31  ashy 

32  medial 


27 

28 


GRA0E 

01  massive 

02  weak 

03  vk-mod. 

04  mod . 

05  mod-scrg 

06  scrong 


SIZE 


KIND 


DRY 


MOIST 


STICKY 


02 

03  fine 

04  med . 

05  coarse 
06v .coarse 


fine  02  platy 

03  gran 

04  sbk 

05  abk 

06  prism 
07c Imnr . 
08  wedge 


02 

03 

04 

05 

06 
07 


sofc  02 
s .hard  0 3 
hard  04 
v.hard  OS 
ex.hrd  06 
indurated 


v.  f r i . 02 
fr.  03 
firm  04 
v . f i rm 
ex . f i rm 


PLASTIC 


01  massive  01  massive  01  loose  01  loose  01  non  01  non 

‘ sit.  02  sic. 
st  icky  03  plasc ic 
v. stky  04  v . pi  see 


ROOTS 


PORES 


pH: 


NUMBER 

SIZE 

LOCATION 

NUMBER 

SIZE 

KIND 

01 

none 

01 

none 

01 

none 

01 

none 

0 1 

none 

0 1 

none 

02 

crace 

02 

f ine 

02 

Chru-out 

02 

crace 

02 

v . f ine 

02 

irreg. 

03 

few 

03 

f/vf 

03 

beeween 

03 

few 

03 

f/vf 

03 

cubul ar 

04 

few-com 

04 

f ine 

peds 

04 

few-com 

04 

fine 

04 

cub.  cone  inuous 

05 

common 

05 

med/  f 

04 

c racks 

05 

c ommon 

05 

med/  f 

05 

cub.  d i scone . 

06 

com-mny 

06 

med  ium 

05 

near 

06 

com-mny 

06 

med  ium 

06 

vesicular 

07 

many 

07 

co/med 

rocks 

07 

many 

07 

co/med 

07 

cub.  6 Cubular 

08 

coarse 

06 

mac  ac 

08 

coarse 

08 

incersc  ic ial 

top 


beeween  rocks 


EFFERVESCENCE 


BOUNDARY 


DISTINCTNESS 


SHAPE 


01 

non  calcareous 

01 

abrupc  ( s 1" ) 

01 

smooch 

02 

slight 

02 

clear  (1-2.5") 

02 

wavy 

03 

moderate 

03 

g radua l (2.5-5" 

')  03 

irregular 

04 

violent 

04 

d i f fuse  ( >5"  ) 

04 

b roken 

05 

aroi  c rary 

06 

not  reached 

COHMENTS: 
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Schafer  A Associates 

P O.  Box  6186 
Bozeman.  MT  59 715 

(406)  587-3478 


Wajte  Management 
Land  Reclamation 
Resource  /nventorv 
Agricultural  Consulting 


DAILY  SITE  CONDITIONS  / WORK  DESCRIPTION  FORM 


SITE  / • PERSONNEL  DATA: 


SITE  ID  : 

PAGE  : 

OF 

ARRIVAL  TIME  : 

DEPARTURE  TIME  : 

LOCATION  : 

DATE : / / 

PERSONNEL: 

WEATHER : 


WIND  SPEED  : 

WIND  DIRECTION: 

PRECIPITATION 

TYPE: 

AMOUNT  : 

CLOUD  COVER  : 

TEMPERATURE  : 

CREEK  LEVEL  / 

APPEARANCE  : 

COMMENTS : 


WORK  ACCOMPLISHED  : 


DEVIATIONS  FROM  SOP'S  : 


CONTACTS  : 


GENERAL  COMMENTS  : 
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68 


INORGANIC  TRAFFIC  REPORT 
SllVERBOW  CREEK.  MT  RI/FS 
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63 


CHAIN  Of  CUSTODY  RECORD 
SILVGRBOW  CREEK,  MT  RI/FS 
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mo-8 


U-S.  ENVIRONMENTAL  PROTECTION  AGENCY 
CLP  Sample  Management  Otiice 
P.O.Box  SIS  - Alexandria,  Virginia  22313 
Phone:  703/337-2450  - FTS/337-2430 


SPECIAL  ANALYTICAL  SERVICE 
PACKING  LIST 


Sampling  Olilce: 

Sampling  Date<j): 

Ship  To: 

For  Lab  Use  Only 

Sampling  Contact: 

Oata  Shipped: 

Date  Samples  Rec'2: 

(name) 

Site  Name/Codes 

Arm: 

Received  By: 

(pnone) 

Sample 

Numbers 

1. 

Sample  Oeacription- 
Analysis,  Matrix,  Concentration 

Sample  Condition  on 
Receipt  at  1 -ifr 

2. 

3. 

4. 
3. 
6. 
7. 

5. 

3. 

10. 

11. 

12. 

13. 


13. 

16. 

17. 

IS. 

13. 

20. 


For  Lob  Use  Only 

White  - SMO  Copy,  Yellow  - Region  Copy.  Pink  - Lob  Copy  lor  return  to  SMO,  ur-ea  Lac  Copy 


SAS  Numoer 
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SAS  PACKING  LIST 
SILVERBOW  CREEK.  MT  RI/FS 


PiO|«cl  Cod*  I Suitofl  No  I Monift/D*y/Y**i  I !«»• 


» dPO  iM4  m-231 


a 

« 

O 


Prasarvatlva: 
Yas  □ No  □ 

ANALYSES 

800  Anions 
SolidS  ITSSl  (TDSH3SI. 

COO.  TOC.  Nutrients 

• 

Pfienoilcs 

a 

? 

Mercury 

</) 

«• 

Metals 

2 

. 1 
c 

Cyanide 

Oil  and  Grease 

Orqamcs  GC/MS 

Priority  Pollutants 

Volatile  Organics 

Pesticides 

Mutagemciry 

Bacteriology 

Remarks: 


Ti<J  No. 

8-12249 


Uo  Simo!*  no 


EPA  SAMPLE  TAG 
SILVERBOW  GREEK.  MT  RI/FS 
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uu  run  aiaam  ma  ooutsnc  ~smrm*n  Hi  ruin' nt  comm*}  ai  us  £ Alaska  amomawaiT 
court  m rvnru  aalai  mi i awuancl  cau  toot  juju  tou  net 


1 


ill  IACI  Of  FOAM  ill  fOA  COMMTl  FAIFAAA  110ft  IMUmjCnOKt 

| SENDER  S FEDERAL  EXPRESS  ACCOUNT  NUMBER  | | OAT l 


ut  / 


6 


v/(iyn  (Your  Nam#)  . — — • ~ i~—r  — t~*— ■«» 

^~U)>u>am  scn/\fre-'  1 i^i syi 


Your  Phon*  Number  (V#r y Important) 


Department/ Flopr  No. 


5»#et  Addres* 

By."’  'vii  o 


s SYttACujE  -vfcU  Q *IV-* 


PiJ>7/rVVA/J.  W^T 


.Slate 

e^- 


//f  ©Zip  Cod#  Baquirad  For  Correct  tnvo*cmp 


fiSb0flfil7Q  **  -3-  *7T~*tW,"I  * 


WILL  NO. 

OUR  III  U US  RETERENCE  INFORMATION  {FIRST 24  CHAU  ACTUS  Will  APPEAR  OH  INVOICE.) 


^To  (Recipienfi  Mam«|  , . ( 

^ Aoru  1 /\PxS 

vL 

Wedp^nfe  Pton*  Ntxnbar  ('Awy  Important 

<3o?i ) 

Company 

7 -A't  <3’  VAV’  * 

t>/\uA  iVATrJ 

Deparlmenty  Floor  No. 

Exact  Street  Addreu  />aa  471  laaaa  ar  AX  • Zy  Cadha  *■  lalay  la* ay  Aa#  A tmK *r  litl CAarpxj 

-'-'•vms”  w.m^-As/t  • 

Ct*r . . ......... 

MM-reuy^ , _cd 

Stale 

V.TVVf.X  't\ 


> ’ 


\fMENT  □ <*  ***~  -■■  1 

□ C-h 


□ &*  A#elp*#rM  • F*d£* 
FN  In  In*  Mm 


F*d€j  Aoci  No  or  M*or  Cr#dl 


.1  >d  Party  Fed£*  Acct  No  I — I &■(>•<*  C*#d 
4 In  In*  brtow  l J Fin  In*  Mow 

1 - > 


services 

CHICK  OHIY  ONI  IOK 


DELIVERY  ANO  SPECIAL  HANOIIHC 
CHICK  SERVICES  REQUIRED 


L-,  miokitt  i r-i 

UD  c»««^w o**t»<ni  6 i i LETTER 


I tf^QhA  DhAa  ■ Tf 

— OfUfiMT 

□ USIH6  OUM  nCKACIHG 

Cou/Am  PsA  OyT^gW  En.etap# 

.*□  . - 


OVERNIGHT 

LETTER 

to*  >.»■»  »y.a- 


»V- 


uh“*  ijh’i  r 

I Mi  * ■ ll  * l—l 


1 ( — I Mil  f«l  nnurGn  N Fldil  b|nM 
L—l  ac ttw  iai>i  you  *irt  paraaga  W4  n 

loMI  Mr^M. 


InfHi  vmiir 

fi/rf*  SATUHOAT  tunc 


4 □ Hunter io  nnncitt  srnrttt  r . » 

1 1 Saw.  **  IitMgw  Imtfay  w*w. 


STANDARD  AIR 

I 0*f*«*Or  not  laknr  ton  O 
1 **oond  t>u*n*M  day 

Sf/WC£  COMMITMENT 


}?  ,*m  \\y 


. 5 PI  CiHSTAMT  SVAWlUGCt  UMfKI  ICUI 

(€■«»'•  chary*  *pph**) 

• Djir/ti Lb*  ,. 

y □ rr«f«  ipicial  unmet  

q ( I un/aaat  nci  #p  aa  uraaaar  amr-aei 
*— J (€■*•  cna*ge  •op**** ) 


Total  I 


TotaTTT" 

.!'•■' M 


INI  itcutut 

run 
Itn  n, mi 


total  ~ 

I ..-.If.?  r 


Received  Al 

Sapper's  Door 
• O Regular  Stop 
ZM^nCall  Slop 
□ FedEi  Loc.  


Air* 
i HI 


Federal  l>p»'» 


A I 1 ’ / tea  v<d  nor  ban 

y//~y^q  jgj 


non  ion  net  ur  nr  nit  noum  units  tnnom 

Ska*  Mdrwa  (Saa  frwtc*  Oixda  or  Call  »00  n«  Si55) 


ZIP  straal  Addraaa  Zip  Raquirad  i*>  r a Mm  • gat| 


^ala 


Fedptal  Eipma  Usa 


Basa  Chaigas  - 


Declared  t^lue  Charge 


HP  *Zip  Coda  <ft  Strael  Addrssa  Raqurrad 


rO(/Jt  DECLARED  VALUE 

OAHASt  OR  lOSI 

W»  «•  **W*  tor  no  mor*  Nn  |KM  per  ptekap*  n t* 
rvert  o(  (/rysan^  toss  or  f1»rT\ape  lxIwm  you  H In  f 
h^wr  O*ct*rod  Vdu*  to  the  iefl  and  dnetrnent  Nghar 
rH  l l acV^a  n ffw»  cS  • ri*#n  cfw^e  30C  tar 


met i f I (X) rf dnei* mi  vak*  ip»fam**min 

jhoen  n orj  Seneca  Ck>cto  Oedarad  value  i«5inc3«na 
are  *x>«n  on  to  bac*  o<  to  S^ciper  l Copy  of  t*  ortA 
m*|ia  no  »p*M  ® mpaed  wvnanaaa 

/.I. I * V * 

DELAY 

Ttma  « atoayi  a n*k  ol  we  dafewy  oi  non-delv*ry  In 
to  every  of  • late  de<*v*ry  Fednrrf  express  e«4  af  yw# 
raque*  refund  al  eanapnnanon  ctoryaa  p*d  Se*  0*di 
of  Sypet  t Copy  of  to  nt>l  lor  Krfer  rTormean 

CONSEQUENTIAL  DAMAGES 

a*  nor  ba  wponeara  or  lads  tor  any  loal  9 Oveaga 
*aa^rghm.Oetav  nonora.oiycirtanagaoaparaaga. 
»can  as  mW  aoova  loa  oOuln  on  4 Mai 
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APPENDIX  C 

DESCRIPTION  OF  DEEP  INCORPORATION  METHODS 
MECHANICAL  DEEP  INCORPORATION  (ALBERTA  MULTI-LEVEL  PLOW) 
MECHANICAL  DEEP  INCORPORATION  (BOMAG:  ROTARY  MIXING) 
PRESSURE  SLURRY  INJECTION  (GKN  WOODBINE  METHOD) 
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MECHANICAL  DEEP- INCORPORATION:  PLOWS 


The  Engineering  branch  of  Alberta  Agriculture  has  developed  a series  of 
prototype  deep-plows  for  improvement  of  sodic  glacial  till  soils  in  north- 
central  Alberta.  Plows  mix  soils  to  a depth  of  18  to  24  inches.  Details  on 
the  design  and  operation  of  the  most  recent  plow  design,  a three-layer  plow  is 
contained  in: 

Kienholz,  J.C.  1976.  Development  of  a three-layer  solonetzic  soil 

reclamation  plow.  Canadian  Society  of  Agricultural  Engineers.  Halifax, 
N.S.  July  4,  1976. 
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Soil  dynamics  of  tillage  implements  along  with  field  observations  of 
various  plows  were  utilized  in  the  design  of  a three- layer  solonetzic  soil 
reclamation  plow.  The  plow  was  designed  to  plow  to  a depth  of  76  cm.  Ihe 
main  points  of  consideration  were  scouring,  draft,  stability  and  soil  place- 
* ment.  A combination  of  cylindrical  and  exponential  curves  defined  the  shape 
of  the  moldboards.  Share  approach  angles  of  20°  and  30°  were  used  for  the 
digging  bottom  and  loose* soil  bottoms,  respectively.  An  air-hardening  abra- 
sion-resistant alloy ‘steel  was  used  for  the  shares,  moldboards  and  land- 
sides.  A modified  grader  blade  was  utilized  to  remove  the  top  soil.  The 
grader  blade,  loose  soil  bottom  and  digger  bottom  were  arranged  so  as  to 
leave  the  plowed  soil  with  a mixture  of  Ap  and  Csk  horizons  overlying  the 
Bnt  and  Csk  horizons.  Stability  was  achieved  utilizing  a unique  arrangement 
of  three  wheels  and  a single  landside. 


Papers  presented  before  CSAE  meetings  are  considered  to  be  the  property  of  the  Society. 
In  general,  the  Society  reserves  the  right  of  first  publication  of  such  papers.  In  complete 
form;  however.  It  has  no  objection  to  publication,  In  condensed  form,  with  credit  to  the 
Society  and  the  author.  In  other  publications  prior  to  use  In  the  Society's  publication. 
Permission  to  publish  a paper  In  full  may  be  requested  from  the  CSAE  Secretary,  Hr.  James  B. 
Arnold,  Ontario  Ministry  of  Agriculture  and  Food,  University  of  Guelph,  Guelph,  Ontario 
NIC  2V1.  The  Society  Is  not  responsible  for  statements  or  opinions  advanced  In  papers  or 
discussions  at  its  meetings. 
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INTRODUCTION 


Crop  yields  have  been  substantially  reduced  in  the  solonetzic 
areas  of  the  prairie  provinces.  This  is  mainly  due  to  the  imperme- 
ability of  the  Bnt  horizon  to  both  roots  and  water.  In  Alberta 
there  are  about  12  million  acres  of  these  soils  of  which  1.2  million 
are  reclaimable. 1 

A literature  search  has  shown  that  plowing  is  the  most  efficient 

means  of  reclaiming  these  soils.  Plows  that  have  been  used,  however, 

are  either  not  suitable  to  the  prairie  conditions  or  are  not  available. 

As  a result  of  these  findings  it  was  decided  to  develop  a plow  capable 

2 

of  reclaiming  these  soils. 

To  reclaim  these  soils  the  plow  had  to  leave  a mixture  of  the  Ap 
and  Csk  horizons  overlying  a mixture  of  the  Bnt  and  Csk  horizons. 

The  plow  had  to  be  capable  of  plowing  to  a maximum  depth  of  76  an  to 
obtain  the  Csk  horizon.  Because  of  the  variability  and  possible 
stickiness  of  these  soils  the  plow  had  to  be  designed  for  maximum 
scouring.  The  plow  also  had  to  have  a moderate  draft  which  was  within 
the  capabilities  of  moderate -sized  4 -wheel  drive  tractors. 
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A BRIEF  DESCRIPTION  OF  THE  SOIL 

The  term  "solonetz"  is  of  Russian  origin.  It  describes  a saline 

and/or  alkaline  soil  containing  a significant  portion  of  sodium  salts 

3 

that  deflocculate  the  soil. 

The  most  restricting  problem  to  plant  growth  with  these  soils  is 

4 

the  impermeability  of  the  Bnt  horizon  to  both  roots  and  water.  Deep 
plowing  was  found  to  achieve  the  most  permanent  and  economical  means 
of  reclaiming  these  soils. ^ This  fractures  the  Bnt  horizon  and  mixes 
the  calciun  rich  Csk  horizon  with  the  high  sodium  Bnt  horizon.  It  is 
desirable  to  leave  a mixture  of  Ap  arid  Csk  horizons  overlying  a mixture 
of  Bnt  and  Csk  horizons.  This  is  achieved  with  a three- layer  plow. 

OPERATION  OF  THE  THREE- LAYER  PLOW 

The  operation  of  the  plow  can  best  be  described  by  discussing 
the  operating  of  each  bottom  starting  with  the  front  bottom. 

The  front  bottom  scrapes  the  top  soil  into  the  previous  furrow 
(Figures  1 and  3). 

The  second  bottom  is  offset  to  the  right  of  the  other  bottoms 
(Figure  3).  It  runs  in  the  previous  furrow,  removing  a 2-15  cm  slice 
of  Csk  horizon  from  the  bottom  of  the  furrow  (Figure  1).  This  slice 
of  Csk  horizon  remains  relatively  intact  as  it  slides  up  the  moldboard, 
and  is  used  to  carry  with  it  loose  top  soil  deposited  in  the  furrow 
by  the  front  bottom.  This  mixture  of  Ap  and  Csk  horizon  is,  therefore, 
effectively  deposited  on  the  mixture  of  Bnt  and  Csk  horizons. 
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The  third  bottom  follows  the  first  bottom  (Figure  3) , turning 
the  hard  columnar  Bnt  horizon  along  with  some  Csk  horizon  into  the 
furrow  just  cleaned  out  by  the  second  bottom  (Figure  2).  This 
arrangement  of  bottoms  leaves  the  Ap  and  Csk  horizons  overlying  a 
mixture  of  Bnt  and  Csk  horizons. 

THEORY  OF  PLOW  BOTTOM  DESIGN 

« 

The  plow  bottom  transfers  energy  to  the  soil.  The  amount  of 
energy  transferred  will  determine  to  what  degree  the  soil  is  frac- 
tured and,  therefore,  to  a large  degree  the  amount  of  power  that  is 
required  to  pull  the  plow. 

The  way  this  energy  is  transferred  will  determine  the  amount  of 
pressure  on  the  various  areas  of  the  share  and  moldboard.  It  will 
also  influence  the  down  and  side  forces  that  must  be  absorbed  by  the 
tractor  through  the  hitch. 

The  moldboard  is  that  part  of  the  bottom  which  lifts  and  turns 
the  soil.  The  type  of  moldboard  will  determine  the  way  in  which  the 
soil  is  turned.  Generally,  however,  the  soil  is  turned  as  indicated 
in  Figure  7.^ 

The  cross-section  of  the  furrow  slice  A,  B,  C,  D is  first  rotated 
about  point  C to  the  vertical  position  C,  E,  F,  G.  It  is  then  rotated 
about  E to  position  E,  H,  I,  J. 

In  order  that  the  furrow  slice  remains  in  the  turned  position,  the 
centre  of  gravity  (C  of  G)  must  be  to  the  left  of  a vertical  line 
through  point  E as  shown  in  Figure  7. 
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This  will  occur  when  the  width  of  cut  exceeds  1.27  times  the 
7 

depth  of  cut. 

By  increasing  the  speed  above  4.8  km/h,  the  bottom  will  cause 

g 

the  furrow  slice  to  follow  a trejectory  similar  to  that  in  Figure  8. 
The  height  H of  the  trejectory  will  increase  by  approximately 

9 

5 cm  for  every  1.6  km/h  over  4.8  km/h. 

Figure  7 shows  the  turning  of  the  soil  using  a helical  moldboard. 
This  type  of  moldboard  requires  the  least  amount  of  energy  to  turn  a 
furrow.  The  soil  is  rotated  about  the  longitudinal  axis  only.  ^ 

At  the  other  end  of  the  scale  is  the  cylindrical  moldboard.  This 
moldboard  bends  the  soil  severely  about  all  axes.  Thus  the  energy 
requirements  are  high  for  this  moldboard. * * Other  moldboards  may  be 
parabolic,  elliptical,  hyperbolic,  involute  or  various  combinations 
of  these.  These  moldboard  curves  or  combinations  of  them  can  be 
utilized  to  give  a complete  range  of  operating  characteristics  between 
that  of  the  helical  and  that  of  the  cylindrical  moldboards. 

Scouring 

Scouring  occurs  when  soil-metal  friction  is  less  than  soil-soil 
friction.  It  is  affected  by  the  following  factors  as  found  by  Payne 
and  Fontaine.^ 

1.  The  coefficient  of  soil-metal  friction. 

2.  The  coefficient  of  soil-soil  friction. 

3.  The  angle  of  approach  of  the  tool. 

4.  The  soil  cohesion. 

5.  The  soil  adhesion. 
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The  following  discussion  of  scouring  will  be  confined  to  the 

clay  soils,  since  these  are  more  characteristic  of  the  solonetz  soils. 

The  coefficient  of  soil-metal  friction  is  influenced  by  the 

polish  of  the  steel,  the  distance  the  soil  slides  on  the  steel  and 

/ 3 

the  normal  force  applied.  Polish  is  mainly  a function  of  hardness, 
which  is  determined  by  the  carbon  content  of  the  steel. 

Soehni  found  that  the  coefficient  of  friction  increases  as  length 
of  the  sliding  surface  increases.^  This,  he  believes,  is  due  to  the 
smearing  of  soil,  which  is  actually  the  increase  in  the  actual  soil- 
metal  contact  area  for  a given  block  of  soil.  The  greatest  change  in 
the  coefficient  of  friction  he  observed  involved  dry  soil. 

Vetrov  has  shown  that  the  coefficient  of  soil-metal  friction 
decreases  for  increases  in  the  normal  pressure  up  to  676  kPa. ^ 

Soil  moisture  affects  the  soil-metal  friction  as  indicated  in 
Figure  9. 

At  the  Soil  Mechanics  Lab  at  Harvard  it  was  found  that  electro- 

76 

osmosis  drew  moisture  to  the  moldboard,  thus  reducing  the  draft. 

This  would  effectively  reduce  the  draft  forces. 

Soil-soil  friction  and  shear  strength  are  about  the  same  for  a 
normal,  mildly  structured  soil.  For  this  reason  there  has  been  very 
little  research  done  on  soil-soil  friction  as  it  is  applied  to  tillage 

machinery.  It  has  been  found  though  that  soil-soil  friction  decreases 

>4,  . . 17 

with  increases  in  soil  moisture. 

To  permit  uniform  scouring  on  the  moldboard,  there  must  be  a 

constant  pressure  between  the  moldboard  and  the  soil.  This  can  be 
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achieved  with  an  exponentially  curved  moldboard  which  will  bend  the 
soil  into  an  ever  tighter  circle  as  it  travels  up  the  moldboard. 

Cohesion  in  solonetz  soils  is  extremely  high  due  to  defloccula- 
tion caused  by  the  high  levels  of  sodium  salts.  It  is  important  to 
consider  this  when  designing  the  lower  part  of  the  moldboard.  It 
will  mean  that  this  part  of  the  moldboard  will  have  a very  slow  rate 
of  change  of  curve.  Failure  to  consider  this  will  result  in  extremely 
high  pressures  on  the  lower  part  of  the  moldboard  with  a resultant 
high  rate  of  wear.  Because  of  the  cohesion  creating  high  pressures 
on  the  lower  part  of  the  moldboard,  scouring  is  not  a problem  on  that 
area  of  the  moldboard. 

Adhesion  is  the  mechanism  that  causes  soil  to  stick  to  a surface. 
It  is  due  almost  entirely  to  the  surface  tensions  of  the  moisture 
film.  Wetability  is  a measure  of  the  degree  to  which  water  will 
adhere  to  the  surface  of  a metal.  On  a highly  wetable  surface  the 
water  will  spread  over  the  surface  in  a thin  film,  whereas  on  the  non- 
wetable  surface  the  water  will  draw  together  in  droplets.  The  wetting 
angles  as  shown  in  Figure  10  are  a measure  of  the  wetability  of  a 
material. 

An  example  of  wetting  angles  of  a soil  solution  from  sumpter 

1 8 

clay  on  various  metals  are  as  follows : 

- cast  iron  65.5 

- stainless  steel  81.5 

- plow  steel  76.5 
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The  above  example  indicates  that  stainless  steel  has  the  higher 
wetting  angle  and,  therefore,  less  adhesion.  With  less  adhesion, 
better  scouring  and  lower  friction  can  be  achieved.  Therefore, 
materials  with  high  wetting  angles  should  be  used  for  good  scouring. 

Shares 

Hie  plow  share  is  that  part  of  the  bottom  which  cuts  the  soil 
and  initiates  the  flow  of  the  soil  up  the  moldboard.  The  main  con- 
siderations in  the  design  of  the  share  are  draft  and  wear. 

Draft  of  the  share  is  influenced  mainly  by  the  angle  of  approach. 

The  chart  in  Figure  11  shows  the  result  of  Kawamura's  studies  for 

/ 9 

draft  of  inclined  tools.  This  chart  indicates  that  an  angle  delta 
(6)  of  20  degrees  is  an  efficient  approach  angle. 

The  angle  of  the  share  to  the  landside  will  determine  to  a large 
extent  the  degree  to  which  the  soil  will  be  initially  lifted.  The 
smaller  the  angle  the  lower  the  lift.  The  smaller  angles  are  generally 
used  for  higher  speeds.  An  angle  of  45  degrees  is  a standard  angle 
for  speeds  up  to  4.8  km/h.  The  larger  angles  are  used  where  it  is 
desired  to  lift  the  soil  or  when  transmitting  high  energies  to  the 
furrow  slice. 

Materials  for  shares  must  be  tough,  wear-resistant  and  have  a 
high  wetting  angle.  To  be  efficient  they  should  also  maintain  a sharp 
cutting  edge.  The  common  steel  for  shares  is  a high  carbon  steel 
(1090).  Alloyed  steel  may  also  be  used  if  the  increased  performance 
warrants  the  additional  cost. 
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The  share  cutting  edge  should  be  kept  sharp  to  maintain  pene- 
tration, reduce  draft  and  minimize  compaction  under  the  share.  This 
is  accomplished  by: 

- using  the  thinnest  share  possible  without  encountering 
undo  breakage. 

- case  hardening  the  top  surface  of  a lower  carbon  steel. 

- applying  a thin,  smooth  layer  of  hard  facing  to  the  top- 
side of  the  share. 

Gavrilov  and  Korusclikin  showed  that  the  draft  of  a dull  share 

20 

was  up  to  30  percent  higher  than  that  of  a sharp  share.  This 
stresses  the  importance  of  selecting  and  applying  the  proper  steel 
and/or  hard  facing  treatment  to  maintain  a sharp  share. 

PLOW  DESIGN 

The  plow  was  designed  in  two  main  stages.  The  bottoms  were 
designed  first;  then  to  hold  these  bottoms  a chassis  was  designed. 

Design  Criteria  for  the  Three  Bottoms 

Design  criteria  for  the  bottoms  was  extracted  from  the  speci- 
fications of  the  soil  profile  and  the  theories  previously  outlined 
in  this  paper. 

Criteria  for  the  front  bottom  was  based  on  the  maximum  depth 
of  top  soil,  16  cm,  and  the  minimum  width  of  cut  of  the  rear  bottom. 
Because  the  bottom  was  required  to  move  the  topsoil  to  the  side,  a 
grader  blade,  which  was  readily  available,  was  used.  Adjustment 
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both  fore  and  aft,  and  vertically  was  provided  by  means  of  a clamp 
which  held  the  bottom  to  the  frame. 

Criteria  for  the  second  bottom  was  based  on  the  requirement  of 
having  up  to  16  cm  of  Csk  horizon  removed  from  the  bottom  of  the 
furrow  and  carried  along  with  the  top  soil  to  the  top  of  the  previous 
furrow  slice.  The  width  of  cut  was  the  same  as  the  front  bottom. 

The  angle  of  the  share  was  set  at  60  degrees  to  the  landside  to  lift 
the  soil.  An  elliptical  curve  was  used  at  the  tip  of  the  moldboard 
which  was  blended  into  a cylindrical  curve  at  the  leading  edge  of  the 
share.  This  arrangement  of  curves  minimized  the  fracturing  of  the 
slice  of  Csk  horizon  that  was  to  carry  the  Ap  horizon  to  the  top  of 
the  previous  furrow.  The  approach  angle  of  the  share  was  set  at  30 
degrees  so  as  to  lift  the  soil.  This  was  later  found  to  be  partially 
responsible  for  the  high  draft  of  the  second  bottom.  A 20  degree 
angle  of  approach  would  have  been  better.  Adjustment  was  provided 
by  means  of  a clamp  which  held  the  bottom  to  the  frame. 

Criteria  for  the  third  bottom  was  based  on  the  maximum  depth  of 
cut,  45  cm,  which  also  set  the  minimum  width  of  cut  at  60  cm.  This 
is  the  minimum  width  of  cut  for  the  depth  that  will  stay  turned.  A 
parabolic  curve  was  used  at  the  wing  tip  which  was  blended  into  a 
cylindrical  curve  at  the  leading  edge  of  the  share.  The  approach 
angle  of  the  share  was  set  at  20  degrees;  the  optimum  angle  as  dis- 
cussed previously  in  this  paper.  This  combination  imparted  good  - 
scouring  and  light  draft.  This  bottom  was  also  attached  by  means  of 
a clamp  to  accommodate  the  experimental  nature  of  the  plow. 
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FIGURE  8 
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FIGURE  10 
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FIGURE  II 
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Material  for  the  two  rear  moldboards  was  Astralloy,  an  air 
hardening  abrasion  resistant  alloy  that  could  be  bent  in  the  hardened 
state. 

Design  Steps  for  the  Maldboard 

In  order  to  define  the  shape  of  the  moldboard,  a pattern  for  the 
flat  or  cut  shape  of  the  moldboard  material  was  required.  A template 
for  the  curves  at  various  stations  along  the  moldboard  was  also 
required.  To  obtain  the  cutting  pattern  and  curve  template,  four 
views  of  the  moldboard  were  constructed. 

The  front  view  was  constructed  to  define  the  cutting  width,  depth, 
landside  height,  maximum  height  of  the  developed  moldboard  and  the 
underside  shape  of  the  moldboard. 

A side  view  perpendicular  to  the  edge  of  the  share  was  constructed 
to  define  the  curves  at  the  various  stations  along  the  moldboard. 

A top  view  was  constructed  to  establish  the  location  of  the 
curves,  angle  of  the  share  to  the  landside,  location  and  size  of  the 
landside  and  a base  from  which  to  project  to  the  drawing  of  the  cut 
shape  of  the  moldboards. 

The  drawing  of  the  cut  shape  was  then  done  by  projecting  from  the 
previous  drawings. 

Curves  for  the  segments  making  up  the  standards  were  also  con- 
structed by  projecting  from  the  previous  drawings. 
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CHASSIS  DESIGN 

The  chassis  for  the  three-layer  plow  was  designed  for  maximum 
flexibility  and  stability.  The  main  objective  was  to  acconmodate  the 
experimental  nature  of  the  project. 

Flexibility  was  built  into  the  main  members  and  the  hitch.  The 
main  frame  members  were  aligned  parallel  to  the  furrow.  The  members 
were  also  kept  free  from  other  parts  to  allow  for  the  attachment  and 
adjustment  of  the  various  bottoms  and  related  equipment.  The  bottoms 
were  then  clamped  to  these  members  to  allow  for  fore  and  aft,  and 
vertical  adjustment  (Figure  3). 

Hie  hitch  was  designed  with  adjustments  to  accommodate  a wide 
range  of  tractor  operating  positions.  Vertical  adjustments  of  the 
hitch  were  made  by  raising  or  lowering  the  spindle  in  the  hitch  spindle 
bushing  and  securing  with  a collar  (Figure  1).  Side  adjustments  were 
made  using  the  vernier  adjustment  provided  on  the  right  side  of  the 
hitch.  These  hitch  adjustments  allowed  the  tractor  to  be  run  in  any 
position  from  straddling  the  furrow  to  running  completely  on  the  land. 

The  plow  had  to  be  stable  for  meaningful  results  to  be  obtained. 
Stability  for  this  plow  was  obtained  through  the  design  of  the  plow 
bottoms,  location  of  the  wheels  and  arrangement  of  the  hitch. 

A landside  was  installed  on  the  rear  bottom  only  (Figure  6). 

It  was  designed  to  take  the  side  force  from  all  the  bottoms.  A width 
of  cut  control  was  installed  on  the  second  bottom.  This  was  a shoe 
that  projected  past  the  edge  of  the  shin.  It  prevented  the  second 
bottom  from  cutting  into  the  furrow  wall. 
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A land  wheel  was  used  to  control  the  depth  of  plowing.  To 
lower  the  plow  into  the  working  position,  this  wheel  was  swung  back 
to  the  side  and  just  in  front  of  the  rear  bottom  (Figure  4).  With 
the  wheel  in  this  position,  a small  change  in  the  depth  of  plowing 
produces  a comparatively  large  change  in  the  fore  and  aft  level  of 
the  plow  which  is  continually  corrected  by  the  rear  furrow  wheel. 

In  the  transport  position  the  wheel  moves  forward  to  increase  the 

fore  and  aft  stability  of  the  plow,  and  also  alignes  with  the  other 

front  wheel  to  facilitate  turning. 

The  front  furrow  wheel  moves  ahead  for  lowering  the  right  side 
of  the  plow.  This  wheel  is  used  to  maintain  the  side  to  side  level 
of  the  plow.  It  is  also  used  to  tilt  the  plow  to  reduce  the  draft  on 
the  first  and  second  furrows. 

The  rear  furrow  wheel  controls  the  fore  and  aft  level  of  the 
plow.  Adjustments  can  be  made  by  loosening  the  lock  nut  and  turning 
the  handle  on  top  of  the  vertical  caster  bushing  (Figure  2).  The 
plow  is  properly  adjusted  when  the  front  and  rear  of  the  frame  is  the 

same  height  when  the  plow  is  working  (Figure  4) . 

CONCLUSION 

This  plow  (Figures  5 and  6)  was  tested  and  compared  with  single 
layer- type  plows  and  was  found  to  pull  about  25  percent  heavier.  This 
was  partly  due  to  a 30  degree  rather  than  a 20  degree  approach  angle 
of  the  share  of  the  second  bottom.  A portion  of  the  excessive  draft 
can  also  be  attributed  to  the  steepness  of  the  curve. 
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The  plow  did,  however,  meet  all  the  other  requirements  of  scour- 
ing, stability,  soil  mixing  and  soil  placement. 

The  soil  scientists  from  the  University  of  Alberta  and  Alberta 
Agriculture  are  pleased  and  enthusiastic  with  the  apparent  results  of 
the  plow.  The  problem  of  draft  can  be  reduced  if  crop  yields  confirm 
the  need  for  this  type  of  plow. 
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MECHANICAL  DEEP -INCORPORATION:  ROTARY  MIXING 


Product  literature  for  two  manufacturers  of  rotary  deep-mixing  devices 
are  included  (Roto-Clear,  and  Bo-Mag) . Inclusion  of  product  literature  does 
not  constitute  product  endorsement.  Discussions  with  users  of  these  products 
for  land  reclamation  purposes  indicates  that  mechanical  incorporation  to 
depths  of  14  inches  can  be  achieved. 
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MPH100 
Soil  Stabilizer 


E107-239A 


SPECIFICATIONS 

SOIL 

MPH  100  STABILIZER 


Highway  mainline  grades  and  shoulders,  secondary  roads,  haul  roads  and 
service  roads,  airports,  building  sites,  parking  lots . . . whatever  the  applica- 
tion - the  BOMAG  MPH100  SOIL  STABILIZER  will  prove  its  ability  to  out 
perform  any  competitive  machine  at  the  lowest  operating  cost. 

The  MPH  100  is  a fully  hydraulic  stabilizer  with  no  mechanical  drive  compo- 
nents to  fail  under  stress.  The  BOMAG  patented  rotor  drive  system  is 
unique  in  the  industry. 

Achieve  maximum  productivity  through  "Automatic  Power  Apportioning  . 
APA  regulates  the  travel  speed  of  the  stabilizer  according  to  the  power 
demands  on  the  rotor.  This  provides  faster  working  speeds  without  exceed- 
ing the  available  engine  power,  and  protects  the  hydrostatic  system  from 
being  overloaded  by  improper  machine  operation.  This  patented  system 
can  provide  as  much  as  50%  greater  productivity  than  can  be  achieved  by 
machines  without  this  feature. 

The  rotor  is  driven  from  both  ends  by  radial  piston  motors  and  turns 
opposite  to  the  machine’s  forward  travel.  Thus  the  rotor  teeth  cut  and 
pulverize  simultaneously  in  an  upward  direction  reducing  the  size  of  large 
clumps  until  the  desired  gradation  has  been  achieved.  To  protect  the  drive 
system,  the  rotor  drive  hydraulic  oil  is  filtered  each  cycle,  and  for  further 
protection,  relief  valves  reduce  shock  loads  should  a hidden  obstacle  be 
struck  by  the  rotor.  Warning  devices  alert  the  operator  to  system  malfunc- 
tion. 


POWER  APPORTIONING  SYSTEM 
PM  HYDROSTATIC  TRACTION  SYSTEM 
WSSm  ROTOR  DRIVE  SYSTEM 
© traction  pump  © traction  motor  ® relief  valve 
© rotor  drive  pump  © flow  divider  (§)  rotor  drive  motors 


BOMAG's  premium  cutting  teeth  outlast 
other  teeth  by  a large  margin.  When  change- 
out  is  required,  one  person  can  replace  the 
entire  set  of  70  tap-in/tap-out  teeth  in  just 
one  hour  using  a hammer  as  the  only  tool. 

The  chevron  pattern  ot  tooth  placement  on 
the  rotor  evens  the  shock  loads  on  the  teeth 
and  rotor  to  signilicantly  extend  component 
life. 

Premium  rotor 
teeth  with  3/16  or 
3/8-inch  (5  mm  or 
10  mm)  thick  car- 
bide facing  are 
recommended  lor 
most  applications 
to  provide  opti- 
mum tooth  life  and 
lowest  cost  per 
unit  ol  material 
stabilized 


DIMENSIONS/WEIGHTS 

Operating  Weight 

30.300  lb  (13  744  kg) 

Shipping  Weight 

29,290  lb  (13  286  kg) 

Overall  Width 

120  0 in  (3  050  mm) 

Overall  Height 

140  0 in  (3  555  mm) 

Height  (less  ROPS) 

101  0 in  (2  565  mm) 

Overall  Length 

336  0 in  (8  535  mm) 

Wheelbase 

128  5 in  (3  265  mm) 

Turning  Radius-inside 

250  0 in  (6  350  mm) 

Ground  Clearance 

20  0 in  (510  mm) 

ROTOR 

Final  Drive  Type 

radial  piston  motors 

Diameter 

48  0 in  (1  220  mm) 

Culling  Width 

79  0 in  (2  005  mm) 

Culling  Depth -standard 

14  5 in  (370  mm) 

-deepmix 

19  0 in  (485  mm) 

Rotor  Speed 

0 lo  135  rpm 

Quantity  ol  Teelh 

70 

ORIVE  SYSTEM 

Engine 

Delroil  Diesel  8V-71N 

Rated  Power  @ Speed 

304  bhp  (227  kw)  @2100  rpm 

Electrical  System 

24  volt 

Propulsion  Drive 

hydrostatic 

Transmission 

2 speed  mechanical 

Max.  Speeds  - working 

202  Ipm  (61.6  m/min) 

- travel 

12  0 mph  (19  3 km/hr) 

Fuel  Tank  Capacity 

120  gal  (455  1) 

Hydraulic  Oil  Capacity 

60  gal  (227  1) 

Tire  Size  Iron! 

11  25  x 24  8 ply 

rear 

28L  x 26  10  ply  R1 

STEERING 

Type 

hydraulic,  Orbitrol 

BRAKES 

Service  hydrostatic  braking  with  traction  drive  circuit 
Emergency  hydraulic  drum  type  in  drive  wheels 
Parking  manually-applied  drum  type  in  wheels 

Standard  Features 

Hydrostatic  traction  drive  with  single  lever 
control  and  neutral  start  switch  • Direct 
hydraulic  rotor  drive  with  Automatic  Power 
Apportioning-APA  • Hydraulic  power 
steering  • Hydrodynamic  service  brakes  • 
Instrumentation  and  controls  include:  en- 
gine tachometer;  hour-meter;  engine  coo- 
lant temperature  and  oil  pressure  gauges; 
ammeter;  hydraulic  oil  temperature  gauge; 
speedometer;  diesel  fuel  and  hydraulic  oil 
level  gauges;  hydraulic  oil  filter  change 
indicators;  engine  air  cleaner  restriction 
indicator;  vacuum  gauges;  horn  • Tool  box 
• Hydraulic  filter  kit  • Adjustable  operator's 
seat  with  arm  rests  and  seat  belt  • ROPS. 

Optional  Equipment 

Automatic  Liquid  Proportioning  System  - 
ALPS  • Asphalt  additive  system  (manual)  • 
Water  additive  system  (manual)  • ROPS 
cab  • Engine  air  pre-cleaner  • Lights  • 
Paint  (colors  other  than  standard  BOMAG 
yellow)  • Deep-mix  rotor  - mixes  to  19 
inches  (485  mm)  • Teeth  - economy  grade 
or  clay  cutter  • Desert  Cooling  Kit  • Manual 
Cross  Slope  • Automatic  Grade  Control 
with  averaging  ski  • 


BOMAG 

AJWCA 

IMTfcRH/VTVOUAL 


BOMAG  USA 

Springfield.  Ohio 

Tel  513-3258733.  Tele*  4984147 

BOMAG  CANADA 

Mississauga.  Onlario 

Tel  416/6256611.  Tele*  6961250 


BOMAG  GERMANY 

Boppard/Rhein 

Tel  67  42  100  0.  Tele*  426316 

BOMAG  AUSTRIA 

Wien 

Tel  222  693617  0.  Tele*  133  535 

BOMAG  FRANCE 

Brellgny  Sur  Orge 

Tel  084  95-30.  Tele*  691370 

BOMAG  GREAT  BRITAIN 
LarMield.  Kenl.  Tel  622  76611.  Te^ 

BOMAG  NETHERLANDS 
Barneveld.  Tel  3420  91333/9163! 


BOMAG  ALGERIA 


Alger  Bitkhadem. 

Tel  567120.  Tele*  624' 
BOMAG  MIDDLE  EA« 
Amman.  Tel  661935.  1 


BOMAG  ASIA  PACIFI 


Singapore. 

Tel  7346233.  Tele*  3.' 

BOMAG  JAPAN 

Tokyo 

Tel  280  48  3411.  Tele 

>LIA 
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ROTOCLEAR 


MANUFACTURED  by 

ROTOCLEAR 
MFG.  LTD. 

#5  - 3834  - 54  Avenue  S.E.  124 

Calgary,  Alberta.  Canada  T2C  2K9 
Telephone  (403)  279-7759 


New  One  Pass  Clearing 
Power  for  use  in 
Agricultural  - Forestry 
environmental 
management. 


1.  Showing  Rotor  with  tailgate  raised.  Standard  rotor 
56  teeth. 

2.  Hood  Cover  and  Tailgate.  Tailgate  operated 
hydraulically  from  lever  in  front  of  left  fender. 

3.  Showing  Rotoclear  Machine  going  into  trees  and 
mulching  them. 

4.  Gauge  Panel.  Also  showing  control  panel  that  is 
taken  to  the  pulling  unit  where  the  operator  con- 
trols the  operation  of  the  Rotoclear  machine. 

5.  Showing  the  rear  portion  of  the  Rotoclear  ma- 
chine - chain  case,  depth  gauge,  tailgate  lever 
skid. 


ROTOCLEAR 


© 25  foot  Grove  of  poplar  trees 
before  Rototilling 

(?)  Same  Grove  after  one  pass 
with  Rotoclear  machine. 

Q)  Picture  showing  stump  before  Rototilling. 
(lie  recommended  height  is 
ground  level  to  4"  above  for 
the  best  job. 


(d)  Showing  stump  mulched 
and  also  the  depth  of  cut. 

© Large  Slump  & Logs  before 
Rototilling 

(b)  Customer  looking  for 
Slumps  after  one 
pass  with  Rotoclear  machine. 
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SPECIFICATIONS 


PHYSICAL  DIMENSIONS 

Length  Overall: 

Width: 

Shipping  Width: 

Height: 

Shipping  Weight  Without  Fuel: 


22'6" 

6.85  metres 

9'8" 

3.00  metres 

8'0" 

2.45  metres 

9'0" 

2.75  metres 

22,000  lbs.  9979. GO  Kgms 


ROTOR  (STANDARD) 

Width: 

Diameter  Including  Teeth: 
Teeth: 

Pockets: 

Drum: 

Depth  of  Cut: 


7'6"  2.30  metres 

31"  79  centimetres 

56  Self  Sharpening  Knock- 
Out  Replacement 
Taper  Wedge, 

Fligh  Tensile  Steel 
3"  to  9" 

7.6  to  22.8  centimetres 


POWER  UNIT 

Engine: 


Speed: 

8V-92T  GM  Diesel 
425  FIP  @ 2350  RPM 


360  RPM 


Electrical  System: 
Air  Cleaner: 


COOLING  SYSTEM 

Capacity: 


DRIVE  SYSTEM 

Torque  Converter: 
Rear  End: 


Top  Axle: 
Stub  Axle: 
Chain: 


24  volt,  Alternator 
Donaldson  Dry  Type, 
Heavy  Duly 


23  gallons,  105  litres 
2 Torque  Converter  Coolers 


Allison  574 

Single  Reduction  Rockwell 
R140, 

Ratio  5.29:1 

Full-Float  5 Ball  Suspension 

(Allows  hood  and  rotor  to 
float  independently  of 
main  frame.) 

11  Tooth  High  Carbon  Steel, 
Double  Sprocket 

14  Footh  I ligh  Carbon  Steel, 
Double  Sprocket 

140  Double  Top  Quality 


STANDARD  EQUIPMENT 

Frame  12",  30  centimetres 

Underframe  plating  Zj" , 1.2 7 Centimetres 

I leavy  duly  engine  and  rotor  hoods 

Extra  heavy  duty  radiator  and  engine  guards 

Electrically  controlled,  hydraulic  throttle  and  rotor-lift 

I lydraulic  Tail  gate  lift 

Electric  starter 

Full  view  gauges 

Tachometer  and  hour  meter 

Adjustable  tow  bar 

Tires  — 23.1  x 26,  10  ply  tube  type  Skidder  Steel  braid 
60  x 65  centimetres 
200  Imp.  gal.  fuel  tank,  908  Litres 


OPTIONS 

8V-71  GM  Diesel;  318  I IP  @ 2100  RPM 
8V-92  GM  Diesel,  365  I IP  @ 2350  RPM 
Air  Filter  pre-cleaner,  except  8V-92T 
Special  rotors  on  request 


MADGE  ROTOCLEAR 


The  Madge  Rotoclear  is  Canadian  in  concent,  design  and  manufacture. 
It  is  manufactured  hy  and  marketed  through  Roto  International  Croup 
Inc.,  in  Calgary,  Alberta,  and  patented  in  Canada,  the  United  States  and 
the  United  Kingdom,  with  world  patents  pending. 

It  can  clear  and  mulch  in  surface  growth  under  rigorous  conditions  of 
climate  and  terrain. 

T he  new  Rotoclear  is  the  culmination  of  many  years  of  trier!  use,  testing 
and  modification.  Its  performance  leads  us  to  believe  that  it  is  unique  in  a 
global  marketing  context. 

The  model  currently  available  is  designed  to  be  pulled  by  any  four  wheel 
drive  or  track-type  tractor. 

Past  models,  upon  which  this  extremely  strong  and  powerful  new 
generation  is  based,  have  up  to  10,(X)0  hours  on  them  ...  a good  indication 
of  the  sound  engineering  and  construction. 

Operation 

Operation  is  very  simple,  requiring  minimal  operating  training.  1 he 
tailgate  covering  the  rotor  lifts  hydraulically,  using  a lever  at  the  side  of  the 
machine.  The  rotor  depth  can  be  manually  pre  set  from  3"  to  9".  Every- 
thing else  is  controlled  from  the  cab  of  the  pulling  vehicle  through  a 
plug-in  connection  on  the  front  of  the  Rotoclear.  A hand  control  with  push 
buttons  raises,  lowers,  accelerates  and  decelerates  the  rotor. 

The  Rotoclear's  unique  advantage  is  that  for  less  than  current  cost,  it 
provides  a viable  alternative  to  the  slashing,  burning  or  stacking  of  surface 
growth. 

The  Rotoclear  can  be  pulled  by  a four-wheel  drive  tractor,  track-type 
tractor  or  all  terrain  vehicle.  The  pulling  vehicle  should  be  equipped  with 
a blade  or  roll  bar,  to  push  down  the  timber  or  underbrush.  Standing  trees 
up  to  5"  diameter  can,  in  this  way,  be  mulched  in  one  pass  by  the 
Rotoclear. 

Use  of  the  Rotoclear  takes  away  much  of  the  confrontation  between  the 
farmer  and  environmental  agencies.  There  is  little  to  object  to  when 
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unuseable  timber  and  brush  are  fragmented  and  mulched  into  the 
ground  1 he  farmland  thus  created,  is  left  clear  for  eventual  planting 
with  the  added  benefit  of  containing  fibre  in  the  soil  to  promote 
new  growth  and  prevent  erosion. 

Agriculture 

1 he  early  models  of  this  machine  were  designed  for  agriculture. 
Obviously  the  Rotoclear  has  no  problem  in  breaking  up  pasture 
land  that  has  become  so  packed  and  hard  as  to  hinder  the  growth 
rate  and  nourishment  of  the  grass.  It  is  incredibly  fast  and  efficient 
in  cleaning  new  agricultural  land,  and  offers  tbe  ideal  method  of 
clearing  and  mulching  crop  residues  to  leave  a well  fertilized, 
cultivated  seed  bed  for  tbe  next  season's  crop. 

Forestry 

The  Madge  Rotoclear  is  certified  by  the  U S.  Forest  Department. 
Earlier  models  have  been  utilized  in  the  clearance  of  scrub  oak, 
prior  to  pine  planting.  I he  machine  achieved  a 90%  kill  of  (he  scrub 
oak 

I he  machine  will  chew,  mulch  and  bury  slumps,  roots  and  under- 
brush under  tbe  soil  to  a depth  of  0"  to  9"  or  less,  as  required, 
leaving  the  top  soil  ready  for  planting.  Quite  often  prior  to  seeding, 
the  soil  is  [tacked  or  light  raked,  as  the  rotor  fluffs  it  up  to  approxi- 
mately 12"  to  14".  An  important  feature  is  that  the'  Rotoc  lear  will 
fragment  and  mulch  slumps  measuring  up  to  the  width  of  the  rotor 
providing  they  are  cut  no  higher  than  5"  above  tbe  ground. 

Summation 

The  Madge  Rotoclear  is  reliable,  powerful,  and  versatile.  It  can 
not  only  give  a better  result,  but  at  a lower  cost. 

For  any  further  information,  get  in  touch  with  either: 

TA.  Madge,  President  or  W.E.  Dick,  Sales  Manager. 

:es.  403  - 242-1397  Res.  403-242-3703 


PRINTED  IN  CANADA 


LIME  SLURRY  PRESSURE  INJECTION 


Pressure  injection  of  lime  slurry  grouting  materials  is  used  for 
improving  soil  srength  of  expansive  soils.  Use  of  this  technique  for 
neutralization  of  acid-contaminatd  soils  is  relatively  new.  Details  on 
pressure  injection  for  improving  soil  strength  are  found  in  : 

Boynton,  R.S.  and  J.R.  Blacklock.  no  date.  Lime  Slurry  Pressure  Injection. 
National  Lime  Association  Bulletin  331.  43  p. 
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LIME  SLURRY  PRESSURE 
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. Insitu  soil  parameter  evaluation.  innovative  processes  for  stabilization  of 
,.  Utilization  of  solid  wastes  as  con-  expansive  soils  and  other  unstable  mate- 
struction  materials.  nals.  Due  to  the  many  variable  soil  and 
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Fig  14  In-sicu  crack  after  lime  injection 


Stabilizing  Effect  of  Lime/Fly  Ash  Seams  pression  and  shear  reinforcement,  espe-  EVALUATING  CANDIDATE  SOIL  FOR  INJECTION 

— Lime/fly  ash  seams  tend  to  be  stronger  cially  in  loosely  compacted  soils,  soils  STABILIZATION 

and  thicker  than  lime  seams,  providing  with  wide  cracks,  and  soils  containing 

for  most  of  the  stabilizing  benefits  of  lime  noncohesive  aggregate  matenals  (see  Fig-  The  use  of  standard  ASTM  soil  tests  to  These  test  procedures,  which  simulate 

seams,  but  also  providing  stronger  com-  ures  15  and  16).  evaluate  potential  injection  stabilization  the  LSP1  field  conditions,  involve  treating 
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dence  level  based  on  che  significant  em-  Also,  treated  samples  that  show  certain  otherwise  treated.  The  terminal  build-  Northwestern  Railroad  (C&rNW)  job  near 

pineal  evidence  of  the  success  of  LSPI  on  improvements  will  not  reveal  other  pos-  ings,  portions  of  the  spine  road,  hotels,  Des  Moines,  Iowa  (33).  The  embankment 

their  treated  areas.  Railroads  have  the  sible  improvements  such  as  those  caused  post  office  and  all  auxiliary  buildings  consists  of  25  It.  of  clay  fill  on  about  10  ft. 
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solids  per  gal.  was  pumped  between  the  water.  These  injections  were  made 

floor  slab  and  stabilized  subgrade  to  fill  around  a 75  ft.  perimeter  berm, 

this  void  and  to  elevate  (by  hydraulic  The  entire  area  was  injected  to  add 

pressure)  the  slab  to  its  original  con-  strength  to  the  saturated  silty  clay  soils  to 
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LIME  SLURRY  PRESSURE  INJECTION  UME  SUJRRy  PR£SSURE  INJECTION 


0 0 2 
1.  ~ .2 
O >--C 

rt  pd  in 
l>  in  li 
% 

w <u 

« e -a 
s- J 

« c O 
5 > 

. in 

^ 2 £ 

„ 3 -5 

c o 

Li  Li  P 
> O C 

Li  C ~ 
Li  XJ 
Li  H Li 

■S  3 I* 

C O Q. 
O in 


•z  lj  c 
C'Pd  Li 
-j  ^ L> 

9^  _D 

zZ* 

Li  Pd 


in 


i Li 

: _c 

1 in 
> c 


«»  =3  Li 


•S  5 

J3  S3 


n li  li 


Pd 
V > 

JD  * , 

c ^ 

3 w 


U w JJ 
oo-P 
C 2 “ 
o E 

P n xi 

E ^ 2 

O Li 


LI  w 
« £ 
2 c 
>.2 
ra  XT 
-a  ^ 

o 2 

* E 

rt  ^ 

»-  O 

LI 

op  >> 


u Pd 


Li  LJ 


■S-g 

> Li 

2 I 
s-.i 


CL 

>> 
o “2 


-a 

Li  li 
_p  > 
CL  3 

CL  \j) 

n c 

i_  Li 
rt  ■£] 
DO  C 
L>  O , 

c c 

£ »- 
. li 

o -£ 

r-  O 


pd 

s 

<u  00 

E E 

J3  JZ 
•/> 

>.  rt 

5 * 


in  XJ 
t-  O 
O -O 


.9 


a;  xJ 
-f?  C 


g|'fe 
■Sfi  E 

rt  *n  E 
S 7)  d 
^ o jO 

E cl 

E * E 

O -7d  -X 


u .2  « 
. li  p 3 
£ T3  c E 3 

l—  ft!  A I 


u 


- a/ 

5 -S 


p >. 
3 xj 

li  O 
c pd 


LI 


25  -a 
>.  o 


m li 

E ^ ^ 

3 I!  £ 

o 


W).!£l  _ 

| a 3 

=S^ 

,o  3 


c 3 
X) 

<u  LI 
in  p 
O p 


CL 
O ^ 

2 l» 


-5  ^ 


u2  i 


c ^ V 
5 oo: 
.2  d w 

p r3  Z3 

3 TJ  D 


£ ^ 
2 2 
Z3 

<L  O 
-S  SI 
in 
C»0  in 

E fc 

a -iS 

■o  o 

?L»  *L> 

u je: 
x - 
^ c 

>>  CU 


D 

O 

m •— : 
V *T, 

S'  | 

i-  c 

5 .2 

•S  u 

an  H 
c o 


ru 

i£  E 

I ^ — 

1/1  c 

2 ”5 
• v 5 

-/»  bf) 


O -° 

2 8 si 

\j 
JS 


OJ  — 
2 ^ 

J2  o 

*S  ^ 

5 jw 

in  — 
QJ  -C 

m > 
in  > 
S± 

; 

- c 

§ 


V.  > 

rl 
_>. 

E _g  -5 

o -5  rt 

Z1  <0 

u . *- 
4J  W i/j 

E X?  _2 

-D  in 

c*  s:  p 

E “ ^ 

o . 

^ c ^ 


-c  $ 

in  — 

D PC 


Q 

p— -< 
< 

H 

LO 


TJ 

C 


o ° 

^ a 


- b 
“o  E 


CL  LU 

O 


>•’  i»  d 


in  — 

XJ 

OJ  <L 


XJ 

c E 

E 3 

-c> 


o - 

^ X3 
<v 

1j  2 

■a  6 

XJ  J- 
U CL 

^ \J 


C 5 


<U  3 

O 

XJ  C 
J in 
O 

pd  — 


“*  c 
n 

\j  (j 

<u  c 

E g 

\)  c 

E S 


CL^ 
n n 
O oj 
in  > 

SI  O 
> <u 


C <L 
u > 

p o 
5 u 
E “cj 

° g 
I E 

-O  D 


UJ 


bf> 

in 

XJ 

c 

m 

_o 


C CQ 

2 3 
tj 


JC  ? 
in  p 
m rj 


X3  ^ 
c 2 

3 3 


^ c H 

a E9 

^ c Z 
^ O 
2 P 

£X 


-x  id  m 

l s±- 


i 

<v 


l\J 


=J 

CO 

c * 
•—  XJ 

-x  c 

to  rj 


CL_C 

*<  ,_o 
u xj  pd 


bO  ^ 

■—  <u 
^ n si 
C <u  «-» 

OJ  Pd  r- 

» oo  S 
c ^ 

w c e 

C-  3 E 

? "O  -J 


T3  £ fc 
u E 3 
*-j  O X 
U .H 
^ w o 
& 
5 


id  3 


a o 

2 5! 

2 -3 

h jd 


in 

E 

3 
PD 


<u  >, 

> fc 


3 nj 


D.  « S 'U 

° E >-  E 

C ai  *— 


CO 

z 

o 


< 

u 

UJ 

od 

cu 


S 

w 

O 


^ p j: 

7)  M M 

U *-<  r- 

>>.C  E 

^ 00  in 

52  v» 

£ 

— • in  O 
. m •> 
u 0> 

u 

ii2  in  J2 
<u  P 
in  — ■ I— 

S 

S)«; 

o >,  E 

5 J3 


OJ  p — ’ — | 


b^  > »-  t; 

E E y -c 

2 dX  “ 

■E  o ME 

- S 2 

X3  »u  p 

s g8-S  S 

O P N 
' td  rn 
O Pd 


CL 

pd  z 2 
X D D XJ 


OJ 


<L 


bO 


a sx  a 

2 s § s 

*~*  "O  XJ 
w ^ w £ 

gEir 


*-*  in 

|>  § : 
1-S. 

-5  5 


•u  O 
c ^ 
§ > 
a c 

s o 


C 2 
_J  22  2 

'-—<  >n  <\J 

™ 2 S 

£ 52 

> Pd  3 
XJ  ~ ° 

m c pd 

o in 
V bO 

£ E n 

_c  U 

■ a a -s 

2 a “P 

«n  in  L. 


O 

pd 

3 


g E 

a,_r; 


• o c ^ 
Q-_o  — _c  p 

|3  g 

S 3 2 *-* 


b rt  m 
•u  PD  C 

-G  on  2 
> c r 

X— 


2 "O 

Ij 

o -c 

C if)  v 


' bO 


CL 

CL  _ 
m m 


in 

u-  b D 
u m 1 
bOPD 
C 

m b/) 

x>  c 

5!  S 

u cl 


u - c __ 
W)  p o ^ 

00  '5  o g 
g a ob-TJ 

X Si:  J{ 
a ? c S 

^o  W O T3 
U S 00  3 


Pd  X3 


<u 


3 
. XJ 


m 


U 


CL  in 

2 § 
3 3 
O 3 

Pd  rt 


on 

E _■  bT>  oo  in 
2 2j3  u S 
<v  v Pd 
CLCc-t- 

<u  ^ 

^ c H E — 
Jg“  2^0- 

-S  g £^  8 

r-  r:  v*  id  ^ 


X5  ^ 

OJ  i— • 

CL  L> 

3 2 
cr  ^ 


rt 
PD 

£ | 
CL  U 

o 2 

C 3 
n o 
CL 

2 a 


1 


<u 


i>.So2 
— o «j  — 

o 2P  ra 
m > X) 

*■  DDu  r 

tl  3 _c  E 

c j:  o “ n 

2 “ E p tJ 

- oo-S  ™ 3 

m r-  *—  • • 

»4  5 
3d  U 


O m 

.3 13 

•u  XJ 

<j  n 


3 PD 
in  g 

<u  — 
in  jn 

rj  ^ 
O C 
in  3 
C oj 
O ip 
xd  3 

•f  -g 

C L- 

O CL 
O 

_ X3 

- C 
O m 
in 

- § 
PD  3 


C XJ 

r-  ^ - c 

, XJ  w 

X ^ -- 


U c X>  3 


OJ 

_ m c 

3D  -52  O 
CLXJ 


m 


H £ 


\J  rt» 
i—  - 

o 
<v 


s 


o 

_D  ^ ^ 

>.s.2 

m 

P *L  ^-* 

id  "E  xj 

s a Eg 

o'  § XI  -C 

id  u L»  -n 

CL  U — rtl 

Q^cX  v 


e^5 

o 3 
C “>  J3 

3 u - 

£2-5 

-35 


r-  t-  m 
~ n ”77 


£ in 

^ o 
o ^ 
— XJ 
CL  O 
1 SI  SI 
V 

6 E 

in 

<| 

in 


3 w 

O in  in 

> C ^ 

> P in 

t/i  *U 

2 5 < 

u 

c 2 c 

u u — 

u B o m 

X £^2 

>51  §0 

bO  ~ «- 

2 ^ 

° -o  K E 
10  o c 3 

3 o 3 
00  P 'O 

1?J3  £^ 

m clxj  "5 


dd  m -ts 

c 


S 3 

JVJ  L> 

XJ 


uE 

U UJ 


O 


t z 

— o 

£ 00 

a,  a. 


^ 2 

\)  CL 


>-  C 
[b  m 
> ip 

1 Pd  U 

s s 

3 Pd 


bp 

X 


w 00 
m qn 

E ^ 


C qj 

0 _C 

1 p5 

a g 

. I- 

: xi  3 

. X)  o 

; < xj 
I c 


&§• 

0 2 

m'  “ 

1 ^ 
bo  r 
-3  x 

x £ 
in  r 

v — 
H ^ 


^ -1 

c ” ? 

E L»  _c 
c CL|U 
C CL 
nj  V 

CL  - 
' XJ 
o c 

in  * dd  <U 


C 

^ E 


3?  o 

^ LI 

2=r  pd 
m ^ 

^ o 

E ^ 

3 pd 


ox 
bO  — 
2 c 


o 

Jz  >> 


in 

*n  td 
3 id 
O cj 

c a 

03  'Ll 

> XJ 


oj  2 


m ^ 
>^Pd 
rs  bO 


O 3 

mi  E 


c c 

s § 

3 2 
u bo 


^ b/>  id 

?ac  c 
E (p 

0 3 J2  * 

LI  fb  CLPd 

2 u o ” 

Du  S>2Xi 

1 T3  OO 

^ C S § 


■g=  I 

J3  | u 

■O  J 5 

UZ  z 

£ 0 o 
d2  w u 

« 

O - in 
*—  >.  nj 
in  PD 
n __  C 
L»  XJ  O 


6-g 

*— 


00 

p 

^ -5 

£ 2 

Ji  c 


P 2 

n E .O 
£ S p 

CL  | 

s--  0 

m LI  c 


Li 


m 


N t» 


_ m jn 

0 "S  S 

CL  p XJ 
3 c 


s 


E ^ 


na 


LI 


CL 


ns 

XJ  _ - 

2^d  c 
P 3“ 

^ ^ 2 
U L>  — 
X PD 


-5  XJ 
C 

-S  g 

5.2- 


o - 

X)  c 

£ a 5 

00  c “ 

C O 2 

3 5 J 

£ L>  — J 

O C in 


Pd  >. 
bpPD 
Pd 

LI  2 

-5  35 

-a  o 

c CL 
nj 

- L> 

jn  XJ 

3 2 

li  c 


3 C 
PD  O 
O Li 

E - 

LI 

P Pd 

■£  o 

5^ 


^ S 


Li 


>ltO  rp 

m ^ 
E jp 

S "5 

2 £ 


p £ g-2  -5 


bO 


L» 

Ha 

Z Pd 

*xd  a 


LI  X 
3 O 
a'_ 
c rt 
pd  ^ 

u c 

LI  LI 


rt  E 

^ § 

£ 1 


3 

u 

E 

g- 

u n 
e li 

E pd 


m p 1 
3 t p ^ 
O 3 — On 
p ro 
p c w 
rt  o . - 

> C IL  c 

od^  g 

c 0 ^ - 

2 c a o 

3 5 -5  <o 

3 § _,  Xd 
— U XJ  o 

rt  rt  D "P 

> -o  3 
" 73  _3  > 

C -O  LI  rt 

(U  LI  C l. 
Up  O , LI 

a;  t (,  U^- 


O 

bO  >. 


d S fj  2 rl 

•§"3-8  8 

"53s3 

c E d. 
o a p t 0 
3 — o « 
LJ  10  “O  0 XI 
LI  >.  u 

t?  2 E -S'  ,u 
g d 5,  £ ^ 
g 2P  « .u  ^ 
9 pd  li  xj 


P 


u 


Li 


O 

c 

< 


>>  E B 

p — • 1 j 


bO  O 
C ^ 


Ld  O rt  rtP.P 


< ^ 

a 0 - c 
t:  in  - E 

| ■§  3 g 

E pd  o 

E W3  g 

3 E E .Ji 


in  t: 
w wi  F m - 

b7  C Li  Li 

^ d Jr.  d m 

fc-  5 o- 5 « 

5 2 5^  >- 

- S J 


Li 


dd  bO 


5 « c 
•J  "I  E* -5 


O Li  m 

- XJ  XJ 
c £ £ 

li  id  u 
06 


XJ  v) 


PD 


g'-S: 

rt 
Li 
* 

3 id!; 

E-=  E 

2 'o  ^ 


c « 
o xi 

E Li 
Li  > 
CL  rt 

O rr 


< p 

: ^ a 

n 


c 

-X 


c c CP 

bO  - Li  o 
3 >>  CL 
O O O XJ 
u.  C u 
Cd  Li  C _c 

uJ?o« 

c 3i  3 

O _ LX- 

o *-*  - 

C <n  Li 

" E 3 

c O 


rt 


z 

o 

p 

3 

C 

U 

UJ 

ai 

cu 

P 

K 

< 

in 


rt  li 
— * *n 


Li  »-T 
LI  O 

c X 


rt  CL 


2 
o 
1 o 

rt  y. 

^-5  S 
3I8 

3 0 0 
£ > pd 
H*  rt  in 


Pd  ^ J3 


C - 

o cl 

u pd 

J t 


£ Jz  B 
.Si—  — -13  "* 
<«  . -a  1/1  P 

>—  u 2 .a  o 

0 3 2 - S 

S 2 XI  g « 

E o >^  «-0  ^ 

^ -g  m a S 

T3  OO  E 2 2 

Li  C ^ r-j  ^ 

CL  O O - 
2 -o  E E -5 

^ OJP  C 
> CL  i_  in  > 


'v  E 

do* 


Pd  ■ in  in  p : 

XJ  XJ  rt  — P C 

~ £ § >-  2 XZ 

^ 2 -°  d ^ ^ 

o * 


O o 


E E 
3 2 


E c 


Li  fc- 
rt  m 

11 

X <D 


Upl* 
'.  — c 3 <u 

<u  _*  5 3=  -i; 

W ^ 150 -n  o 

£ 2 - 2 S 

« S2  m 

- -a  jz 

00  3 ^ u * 

C ra  0 E 2 - 

rt  U . I-  U 

XJ  LI  ~ in  LI  rt 

o E § 

c ^ ™ E Q-u 

w j;  — 00 

. *J  2 >-  “ c 

oj  -a  -E  xi  3 

m L»  S.  k/n 

^ |X  o 2 E 

C > — lO  3 r- 

o o -C  3 1/1  C 

c ^ > n w o 

t:  cu^>  u xi  u 


-5  d « 
5-S  g 

o -o 


u 


3 a 

P o 


d "O  <u 
— 1 c d 
-0^3 
w c XI 

a | 2 

-o  £ °- 

si  o Id 
. p-  rt 

"o  ^ u 

Li 

U CL  b/) 

3-e  J 

c P -E 

sH 

XI  2- ,J 

00  | x: 

C XJ  CP) 

O P 


149 


LIME  SLURRY  PRESSURE  INJECTION  UME  SLURRY  PRESSURE  INJECTION 


S 2 

in  ^ ^ 


° £ 

5!  o 

3 Q- 

XJ  r- 
<V  "E 

in  xJ 

rt 

>. 

h <=: 


c c 

2 o 


til)  C 

c o 
c 3 
3 n 
<n  N 


X f: 


2 

. _o 

in  rl 
tin  £ 

c 

£ 2 


_c  u *-» 
H-  2 £ 


— OJ 
> »- 
n 


CL  ^ 


o 


if 


3 

c 3 
2 '-2 


5 3 


~ "*•  in  a h 


1 6 


e c 


S « E i “ c 

UcJ^o 

D O O'-  il 

V U (J  O »-  rj 


C 3-C 

in  in  ? 


• «n 
u-  u 

E--2 

E -8 


in  <u 
O 

E S 

ri  * 


u 2 
n 

£ ^ 
.2 
in  in 
<u  • 


jl*  X) 

5 c 

O n3 
CL  ^ 


R-  _C 


~o 
c <u 

n3  x: 


2 2 

>^.2 

f5  iv> 

o 2 ju  2 
5 "£  o-T3,  - 

3 *■  E -C 

Of) 

* J 

*2  « 

4J 

<U  D, 

3 - 

_c  J>' 


3 


Du 

U .Xrf 

P <-> 


.3  <v 
— -3 
C U 

o - 


C — ’ 

n >' 

'r\  CL 
V C 

si  E • 

*■'  in 
2 
3 2 

2 E 
— • 
on  . - 

S g 

^ E 

4J  C 


4)  _3 
3 

2 S3 


& 


§J2 

c cn 

i»  d> 
D _D 

XJ  <u 
«u  *n 
TJ  o 
XJ 

c lo 


3 


£ c 

in  13  , 


O 

£ xj 
O C 


C -£  « E 


v-f 

3 C JH  cr: 


5 

c o 

JO 


in 

4>  QJ 

>-  Of) 
1»  uT 

i>  J3 

•S  jPu 

lis 

— O 

g>o 

3 O 


3 3 3 

&S  8 

E-g  s. 

2 -*  .. 


<u  -a  v 

e sj  j 

— c -£ 

bO  1* 

C 3 
75  n £ 

5 6*1 

ni  P>  OJ 
O O^3 

f32 

2 N 


o C 

ftj  0 

u ^ 
c 

o 


fr»2 

3 O M 
— w 

3^ 


? £ 


.1^ 


2oE 

5U  S 
fc  i)  — 

g E 2 

8 5J3 

o C W 
'—  P 
tj  <u  = 

4J  _c  — 

-a  ■£  js 

Ci-" 

<u  o 


si  _o 
u o 
8 '« 
*5 

u ^ 
C ri 
-C  tn 

i_ 

_>>_C 

5 s 

4J  XJ 
C 

- 3 ^ 


£ ^ 
o 

3 c 

E o 

Cl.  C 

^ e 
£-  2 
<u 


^Sa 


2 v 
? CL 

_C  in 

^ E 

£ t-T 

2^ 
2 s 


150 


Ks-^s^s'+sH  h'+S'TS^H  f»S -j*-5 -f-5  "-j-5  ■ -j 

SINGLE  INJECTION  DOUBLE  INJECTION  TRIPLE  INJECTION 

PATTERN  PATTERN  PATTERN 

Fig  34  Diagram  of  three  common  injection  plans 
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National  Lime  Association 
3601  N.  Fairfax  Drive 
Arlington,  VA  22201 


APPENDIX  D 


LIST  OF  ACRONYMS 


153 


LIST  OF  ACRONYMS 


ARAR' s 
CERCLA 

CLP 

EPA 

FS 

ITR 

LAP 

MDHES 

NBS 

NPL 

QA/QC 

QAM 

QAPP 

RAS 

RI 


Applicable,  and  Relevant  or  Appropriate  Requirements 

Comprehensive  Environmental  Response  Compensation 
and  Liability  Act 

Contract  Laboratory  Program  (EPA's) 

U.S.  Environmental  Protection  Agency 
Feasibility  Study 
Inorganic  Traffic  Report 
Laboratory  Analytical  Protocol 

Montana  Department  of  Health  and  Environmental  Sciences 

National  Bureau  of  Standards 

National  Priorities  List 

Quality  Assurance/Quality  Control 

Quality  Assurance  Manager 

Quality  Assurance  Project  Plan 

Routine  Analytical  Services 

Remedial  Investigation 
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SARA 

SAS 

SBC 

SMO 

SOP 

STARS 

TSOP 

XRF 


Superfund  Amendments  and  Reauthorization  Act 
Special  Analytical  Services 
Silver  Bow  Creek 

Special  Management  Office  (EPA's) 

Standard  Operating  Procedure 
Streambank  Tailings  and  Revegetation  Study 
Tailings  Study  Operations  Plan 
Field  X-ray  Fluorescence  Spectometry 
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U.S.  DEPARTMENT  OF  LABOR 
Occupational  Safety  and  Health  Administration 

MATERIAL  SAFETY  DATA  SHEET 


Required  under  USDL  Safety  and  Health  Regulations  for  Ship  Repairing, 
Shipbuilding,  and  Shipbreaking  (29  CFR  1915,  1915,  1917) 


Form  Aoprovec 
OMB  No.  44-R  13  6? 


SECTION  1 

MANUFACTURER’S  NAME 

1 EMERGENCY  TE_E  = hONE  NO, 

CONTINENTAL  LIME  INC. 

(406)266-5221:442-7094 

j 

appress  (Number,  S:ree:.  Cm.  Sicie.  ana  ZIP  Coae! 

P.O.  Bex  550.  Townsend.  Montana  59544 

CHEMICAL  NAME  AND  SYNONYMS 

"RAPE  NAME  AND  SYNONYMS 

Calcium  Oxide  - Ouicklime 

Quicklime  - Hot  Lime 

CHEMICAL  FAMILY  | FORMULA 

Alkaline 

CaO 

SECTION 

II  - 

HAZARDOUS  INGREDIENTS 

PAINTS,  PRESERVATIVES,  & SOLVENTS 

o/ 

/© 

TLV 

(Units) 

ALLOYS  AND  METALLIC  COATINGS 

% 

TLV 

(Units) 

PIGMENTS 

0 

N/A 

SASE  METAL 

0 

N/A 

CATALYST 

0 

N/A 

ALLOYS 

0 

N/A 

VEHICLE 

0 

N/A 

METALLIC  COATINGS 

0 

N/A 

SOLVENTS 

0 

N/A 

FILLER  metal 

PLUS  COATING  OR  CORE  FLUX 

0 

N/A 

ADDITIVES 

0 

N/A 

OTHERS 

0 

N/A 

OTHERS 

0 

N/A 

HAZARDOUS  MIXTURES  OF  OTHER  LIQUIDS,  SOLIDS,  OR  GASES 

% 

TLV 

(Units) 

N/A 

! 

SECTION  III  - PHYSICAL  DATA 

SOILING  POINT  (CF.) 

5162 

SPECIFIC  GRAVITY  (H-0=1) 

3. 2-3. 5 

VAPOR  PRESSURE  (mm  Hg.) 

N/A 

PERCENT,  VOLATILE 
BY  VOLUME  (%) 

Nil 

VAPOR  DENSITY  (A1R=1) 

N/A 

EVAPORATION  RATE 
(..  , =11 

N/A 

solubility  in  water  Negligible 

.05-. 142 

appearance  and  odor  White  pebbles  or  granular.  Fresh  earthy  odor. 

SECTION  IV  - FIRE  AND  EXPLOSION  HAZARD  DATA 

FLASH  POINT  (Method  used)  . 

N/A 

FLAMMABLE  LIMITS  , . 

N/A 

Lai  | Uel 

1 

EXTINGUISHING  MEDIA 

Non  combusitble 

- 

SPECIAL  FIRE  FIGHTING  PROCEDURES 

When  Calcium  Oxide  comes  in  contact  with  water,  heat 

is  given  off 

which  could  ignite  pater  or  wood  fibers.  Use  dry  chemical  fire 

UNUSUAL  FIRE  AND  EXPLOSION  HAZARDS 

extinguishers . 

See  Above. 

-J 

PAGE  (1) 


(Continued  on  reverse  side) 


Form  OSHA-20 

Rn.  Mar  72 


SECTION  V - HEALTH  HAZARD  DATA 

THRESHOLD  LIMIT  VAUJE 

5 m-7  /cu.m. 

EFFECTS  OF  OVEREXPOSURE 

Irritation  and  or  chemical  burns  to  eves,  nose  and  moist  skin. 


EMERGENCY  RNO  FIRST  a^c  droceojres  _ _ 

Flush  eves  irmeciate.LV  with  plenty  or  water  rollowed  with  Boric  Acid 


solution.  Wash  affected  skin  with  scar  & water,  then  aotlv  £ burn 


ointment,  such  as  Boric  Acid  Salve. 


SECTION  VI  - REACTIVITY  DATA 

STABI  LlTY 

UNSTABLE  YeS 

CONDITIONS  TO  AVOID 

Moisture  or  chemicals  oossessins  water  of 

STABLE  |yes 

--  i i . C'-V  5TR  1 1 “i'  n'H' 

uncer  erv  conaitions. 

incompatasi  lity  (Materials  to  avoid) 

Water 

HAZARDOUS  DECOMPOSITION  PRODUCES.,  . _ 

In  1 1 

HAZARDOUS 

POLYMERIZATION 

MAY  OCCUR 

CONDITIONS  TO  AVOID 

N/A 

WILL  NCT  OCCUR  ^ 

SECTION  VII  - SPILL  OR  LEAK  PROCEDURES 

STEPS  TO  SE  TAKEN  IN  CASE  MATERIAL  IS  RELEASED  OR  SPILLED 


Avoid  contact  with  water. 


VUASTE  DlSPOSAL^ETHOD  ...  . ....  . . 

In  a lancnil  site  that  Goes  not  contain  anv  census  title  material. 


SECTION  VIII  - SPECIAL  PROTECTION  INFORMATION 

RESPIRATORY  PROTECTION  / SpeCtfv  7xpe) 

Moldex 

22G0  Re stir a tors 

VENTILATION 

LOCAL  exhaust 

Ypr 

SPECIAL 

mechanical  ( General ) 

Dust  collectins  system 

j other 

w/a  bashouse -- 

PROTECTIVE  GLOVES 

Gauntlet  tvoe  sloves 

EYE  PROTECTION 

Safetv  Gossles 

OTHER  PROTECTIVE  EQUIPMENT 

Lons  sleeved  shirt  and  rants. 

SECTION  IX  - SPECIAL  PRECAUTIONS 

PRECAUTIONS  TO  BE  TAKEN  IN  HANDLING  AND  STORING  ~ " , _ . I FT  I ' " 

Quicklime  should  be  stored  m a 

clean  dry  place  to  avoid  moisture  pickup. 

OTHER  PRECAUTIONS 


Avoid  contact  with  the  eyes. 

PAGE  (2) 
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Form  OSHA-2. 
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JT.Baker 


MATERIAL  SAFETY  DATA  SHEET 


J.  T.  Baker  Chemical  Co.,  222  Red  School  Lane,  Phillipsburg,  N.J.  08865 


SECTIONvri  IDEimFICATlONiOFPHbDUCi^lPSj  if 


CHEMICAL  NAME 
Calcium  Oxide 


FORMULA 

CaO 


SYNONYM  OR  CROSS  REFERENCE 


Lime 


CAS  NO:  1305-78-8 


MATERIAL 


NATURE  OF  HAZARD 


BOILING  POINT 


MELTING  POINT 
2572°C. 


VAPOR  PRESSURE 


SPECIFIC  GRAVITY 
3.2 


VAPOR  DENSITY  (AIR  = 1) 


PERCENT  VOLATILE  BY  VOLUME  (%) 


WATER  SOLUBILITY 
Verv  soluble 


EVAPORATION  RATE 

( = r 


APPEARANCE 
White  or  grayish-white  powder 


FIRE  EXTINGUISHING 
MEDIA 


SPECIAL  FIRE-FIGHTING  PROCEDURES  Avoid  water  unless  necessary  to  use  on  other 
burning  materials,  in  which  case  flood  with  water  to  absorb  heat. 

UNUSUAL  FIRE  AND  EXPLOSION  HAZARD  Not  combustible  but  contact  with  water  or 
moisture  may  generate  sufficient  heat  to  ignite  combustible  materials.  Also 
reacts  with  water  to  form  ca'1  ’ ’ 1 


THRESHOLD  LIMIT  VALUE 
5 mg/M^ 


HEALTH  HAZARDS  Caustic  irritant  to  eyes  and  respiratory  tract 
burns  in  the  presence  of  moisture. 


Can  cause  skin 


FIRST  AID  PROCEDURES 

In  case  of  contact,  flush  skin  and  eyes  with  plenty  of  water  for  at  least  15 
minutes.  Call  a physician.  If  swallowed,  if  conscious,  induce  vomiting  and 
call  a physician  at  once. 


CHEMICAL  NAME 


;.-v  O 


STABILITY 

UNSTABLE 

CONDITIONS  TO  AVOID 

STABLE 

X 

Moisture 

INCOMPATABILITY  (materials  to  avoid) 

Boric  oxide  and  calcium  chloride,  boron  trifluoride,  chlorine  trifluoride, 
fluorine,  hydrofluoric  acid,  phosphorus  pentoxide,  water.. 


HAZARDOUS  DECOMPOSITION  PRODUCTS 


HAZARDOUS 

POLYMERIZATION 

MAY  OCCUR 

CONDITIONS  TO  AVOID 

WILL  NOT  OCCUR 

X 

[>) l iTl&o :i  1 «TNr:Y M » J**J q > |6j 

SPILLS 

Carefully  sweep  up  and  remove.  Flush  spill  area  with  water. 


DISPOSAL 

Material  should  be  disposed  of  by  highly  trained  individual  under  strict 
supervision  (professional  disposal  service).  Dispose  in  accordance  with 
local,  state  and  federal  regulations. 


SECTION  ATIIIt  PROTECTIONINFORMATION 


RESPIRATORY  PROTECTION  (specify  type) 


In  dusty  atmosphere  use  Dustfoe  66  or  77  or  equivalent 


VENTILATION 

"LOCAL 

SPECIAL 

X 

MECHANICAL  (general) 

OTHER 

X 

PROTECTIVE  GLOVES 

EYE  PROTECTION 

Rubber  gloves 

Large 

face  shield 

OTHER  PROTECTIVE  EQUIPMENT 
Approved  working  clothes,  eyebath* 


: : SECTION  IX 


HANDLING  AND  STORAGE  PRECAUTIONS’ 


STORAGE  & HANDLING 


Keep  in  tightly  closed  container.  Protect  against  physical  damage  and  store 
in  dry  place  away  from  water. 


•SECTIONS 


MISCELLANEOUS  INFORMATION 


Avoid  contact  with  eyes,  skin,  clothing.  Wash  thoroughly  after  handling. 


Date  issued: 8/3/83 Revision: Approved  bv  R*  M.  Mitchell 

Manager,  Quality  Assurance 

The  information  provided  in  this  Material  Safety  Data  Sheet  has  been  compiled  from  our  experience  and  data  presented  in  various  technical 
publications.  It  is  the  users  responsibility  to  determine  the  suitability  of  this  information  tor  the  adoption  of  safety  precautions  as  may  be 
necessary.  We  reserve  the  right  to  revise  Material  Safety  Data  Sheets  from  time  to  time  as  new  technical  information  becomes  available.  The 
user  has  the  responsibility  to  contact  the  company  to  make  sure  that  the  sheet  is  the  latest  one  issued. 


J.T.Baker 


MATERIAL  SAFETY  DATA  SHEET 


J.  T.  Baker  Chemical  Co.,  222  Red  School  Lane,  Ph ill ipsburg,  N.J.  08865 


MATERIAL 


NATURE  OF  HAZARD 


BOILING  POINT 


SECro 


MELTING  POINT 


VAPOR  PRESSURE 


SPECIFIC  GRAVITY 


VAPOR  DENSITY  (AIR=1) 


2.  T 

PERCENT  VOLATILE  BY  VOLUME  (%) 


WATER  SOLUBILITY 
Almost  insoluble 


EVAPORATION  RATE 
( = 1) 


APPEARANCE 

Colorless  crystals,  granules  or  powder 


FIRE  EXTINGUISHING 

MEDIA 

SPECIAL  FIRE-FIGHTING  PROCEDURES 


UNUSUAL  FIRE  AND  EXPLOSION  HAZARD 


THRESHOLD  LIMIT  VALUE 

15  mg/M^  nuisance  dust 

HEALTH  HAZARDS 

Causes  irritation  to  skin  and  eyes  - 


FIRST  AID  PROCEDURES  In  case  of  contact,  immediately  flush  eyes  or  skin  with 
plenty  of  water  for  at  least  15  minutes.  Call  a physician.  If  swallowed,  if 
conscious,  give  large  amounts  of  water,  milk  or  citric  juice.  Call  a physician. 
If  inhaled,  remove  to  fresh  air.  If  not  breathing,  give  artificial  respiration. 
If  breathing  is  difficult,  give  oxygen. 


CHEMICAL  NAME 


STABILITY 

UNSTABLE 

CONDITIONS  TO  AVOID 

STABLE 

X 

INCOMPATABILITY  (materials  to  avoid) 
Acids 


HAZARDOUS  DECOMPOSITION  PRODUCTS 


HAZARDOUS 

POLYMERIZATION 

MAY  OCCUR 

CONDITIONS  TO  AVOID 

WILL  NOT  OCCUR 

X 

WTb1)  1 | q l 

v f i 

SPILLS 

Carefully  sweep  up  and  place  in  large  bucket.  Dilute  with  water  and  neutralize 
with  6M-HC1.  Drain  into  sewer  with  sufficient  water  providing  local 
environmental  regulations  permit. 


DISPOSAL 

Put  into  large  vessel  containing  water.  Neutralize  with  HC1.  Discharge  into 
sewer  with  sufficient  vrater  providing  local  environmental  regulations  permit. 


RESPIRATORY  PROTECTION  (specify  type)  In  dusty  atmosphere,  simple  dust  respirator 
will  be  used.  Dustfoe  66  or  77  or  equivalent. 


VENTILATION 

LOCAL 

X 

SPECIAL 

MECHANICAL  (general) 
X 

OTHER 

PROTECTIVE  GLOVES 
Rubber  gloves 

EYE  PROTECTION 

Safety  glasses  or  goggles 

OTHER  PROTECTIVE  EQUIPMENT 
Approved  working  clothes 


SECTION  DT.  HANDLING  AND  STORAGE  PRECAUTIONS 


STORAGE  & HANDLING 


Keep  in  tightly  closed  container. 


SECTION  X:  MISCELLANEOUS  INFORMATION 


Avoid  breathing  dust.  Avoid  contact  with  eyes,  skin,  clothing. 
Wash  thoroughly  after  handling. 


Date  issued- Revision: Approved  bv  

Manager,  Quality  Assurance 

The  information  provided  in  this  Material  Safety  Pata  Sheet  has  been  compiled  from  our  experience  and  data  presented  in  various  technical 
publications.  It  is  the  users  responsibility  to  determine  the  suitability  of  this  information  for  the  adoption  of  safety  precautions  as  may  be 
necessary.  We  reserve  the  right  to  revise  Material  Safety  Data  Sheets  from  time  to  time  as  new  technical  information  becomes  available.  The 
user  has  the  responsibility  to  contact  the  company  to  mane  sure  that  the  sheet  is  the  latest  one  issued 


EM  SCIENCE 

111  Woodcrest  Road,  P.0.  Box  5018,  Cherry  Hill,  N.J.  08034-0395,  Phone  (609)  354-9200 

MATERIAL  SAFETY  DATA  SHEET 

Essentially  Similar  to  U.S.  Department  of  Labor  Form  OSHA-20 


SECTION  1 

Chemical  Name: 

t Ferric  Sulfate 


NAME  & PRODUCT 


Catalog  Number: 

FX0235,  FX0237 


Trade  Name  8-  Synonyms: 
Ferric  Persulfate 


CAS  #10028-22-5 


Chemical  Family: 

Metal  Salt 


Formula: 

Fe2 ( S04 ) 3*xH20 

SECTION  2 

Boiling  Point,  760  mm  Hg  (°C) 


Formula  Weight: 
399.90  + xH20 


PHYSICAL  DATA 


N/A 


Specific  Gravity  (H2O  = 1) 


3.1 


Melting  Point 


(°C) 


N/A 


Solubility  in  H2O,  % by  wt.  at  20 °C 


Soluble 


Vapor  Pressure  at  20 °C 


N/A 


Appearance  and  Odor  grayish  white 


Vapor  Density  (air  = 1) 


N/A 


to  yellow  solid 


Percent  Volatiles  by  Volume 

SECTION  3 


N/A 


Evaporation  Rate  (Butyl  Acetate  = 1) 


FIRE  AND  EXPLOSION  HAZARD  DATA 


Flash  Point  (test  method)  Nonf laxnmable 


Flammable  Limits 


Lei 


N/A 


Uel 


N/A 


N/A 


Extinguishing  Media 


Any  suitable  for  other  material  involved 


Special  Hazards  and  Procedures 


None 


Unusual  Fire  and  Explosion  Hazards 

SECTION  4 


None 


REACTIVITY  DATA 


Stable 


Unstable 


Conditions  to  Avoid 


Moisture  (material  is  hygroscopic) 


Materials  to  Avoid 
( ) Water 

( ) Other  (specify) 


Mineral 
[X^  Acids 


( ) Bases 


( ) Corrosives 


( ) Oxidizers 


Hazardous  Decomposition  Products  S,  SO^ 

SECTION  5 SPILL  OR  LEAK  PROCEDURES  AND  DISPOSAL 

Steps  to  be  Taken  in  Case  Material  is  Released  or  Spilled  SweeP  UP  & containerize  for  proper  disposal 


Waste  Disposal  Method 


To  be  performed  in  compliance  with  all  current 
local,  state  and  federal  regulations  


The  statements  contained  herein  are  offered  for  informational  purposes  only  and  are  intended  to  be  followed  only  by  persons  having  related  technical  skills  and  at  their 
own  discretion  and  nsk.  Since  conditions  and  manner  of  use  are  outside  our  control,  we  make  no  warranties,  express  or  implied,  and  assume  no  liability  in  connection 
with  any  use  of  this  information. 


FX0235 , 0237 


SECTION  6 


HEALTH  HAZARD  BATA 


Threshold  Limit  Value 


None  Established 


Effects  of  Overexposure 


Irritating  to  eyes,  skin  and  mucous  membranes 
Prolonged  exposure  may  be  injurious  to  health 


First  Aid  Procedures 

Eyes:  flush  thoroughly  with  water;  get  immediate  medical  attention 
Skin:  wash  with  soap/water;  get  medical  attention  for  persistent  dermatitis 
Inhalation:  remove  to  fresh  air;  get  medical  attention 
Ingestion:  get  medical  attention 


Ventilation,  Respiratory  Protection,  Protective  Clothing,  Eye  Protection 

Provide  adequate  general  mechanical  and  local  exhaust  ventilation 
Protect  eyes  and  skin  with  safety  goggles  and  gloves 
Do  not  breathe  dust  or  vapors 
Do  not  get  in  eyes,  on  skin,  or  on  clothing 


Keep  container  closed  and  protected  from  light 
Store  in  a cool,  dry,  well-ventilated  area 
Use  only  clean,  dry  utensils  in  handling 
Wash  thoroughly  after  handling 

DOT  - ORM-E 


SECTION  7 


SPECIAL  PROTECTION  INFORMATION  J 


SECTION  8 SPECIAL  HANDLING  AND  STORING  PRECAUTIONS 


SECTION  9 


HAZARDOUS  INGREDIENTS 

(refer  to  section  3 through  8) 


SECTION  10 


OTHER  INFORMATION 


EMERGENCY  PHONE  NUMBER  (609)  423-6300 


6/82 


AUTHORIZED  SIGNATURE 


DATE  ISSUED; . 
DATE  REVISED; 


2/84 


EM0014TA 


J.T.Baker 
r® 


MATERIAL  SAFETY  DATA  SHEET 


J.  T.  Baker  Chemical  Co.,  222  Red  School  Lane,  Phillipsburg,  N.J.  08865 


CHEMICAL  NAME 

Ferrous  Sulfate,  7-Hydrate 


FORMULA 

FeS04- 7H20 


SYNONYM  OR  CROSS  REFERENCE 


CAS  NO: 


7720-78-7 


Copperas 


SECTION- II'.  HAZARDOUS  INGREDIENTS; 


MATERIAL 


NATURE  OF  HAZARD 


BOILING  POINT 


.*  SECTION  liri  PHYSICAU.DATA- 


MELTING  POINT 
Loses  3H?0  at  58°C. 


VAPOR  PRESSURE 


SPECIFIC  GRAVITY 
1.89 


VAPOR  DENSITY  (AIR=1) 


PERCENT  VOLATILE  BY  VOLUME  (%) 


WATER  SOLUBILITY 
Soluble 


EVAPORATION  RATE 
( = 1) 


APPEARANCE 

Blue-green,  odorless  crystals  or  granules 


i [>)  ? h ram  a 1 ;1  v 1 » i tjcj  [•)  ^ g ; ;]  ■ jj  »7:^p  y? 

FLASH  POINT  (method  used) 

FLAMMABLE  LIMITS 

Lower 

Upper 

FIRE  EXTINGUISHING 
MEDIA 


SPECIAL  FIRE-FIGHTING  PROCEDURES 


UNUSUAL  FIRE  AND  EXPLOSION  HAZARD 


THRESHOLD  LIMIT  VALUE 
Unknown 


HEALTH  HAZARDS 

Harmful  if  swallowed.  LD5p(rat)  = 0.5-5g/kg 

FIRST  AID  PROCEDURES  If  swallowed,  give  milk  at  once  and  then  induce  vomiting. 
Gastric  lavage  with  water.  Get  medical  attention. 


CHEMICAL  NAME 


INCOMPATABILITY  (materials  to  avoid) 

Alkalies,  soluble  carbonates,  gold  and  silver  salts,  lead  acetate,  lime  water 


HAZARDOUS  DECOMPOSITION  PRODUCTS 


HAZARDOUS 

POLYMERIZATION 

MAY  OCCUR 

CONDITIONS  TO  AVOID 

WILL  NOT  OCCUR 

X 

SPILLS 


Sweep  up  and  remove. 


DISPOSAL 

Dispose  in  landfill  providing  local  environmental  regulations  permit.  Prevent 
pollution  of  water  intake  areas. 


;SSECTOONiVIirS»ROT£CirlON9^^ 


RESPIRATORY  PROTECTION  (specify  type) 

Dust  mask  may  be  appropriate  if  dust  is  present 


VENTILATION 

LOCAL 

SPECIAL 

MECHANICAL  (general) 

OTHER 

PROTECTIVE  GLOVES 

EYE  PROTECTION 

Safety  glasses 

OTHER  PROTECTIVE  EQUIPMENT 


C 


STORAGE  & HANDLING 

Store  in  container  at  room  temperature  that 

Store  in  tightly-closed  container  at  room  temperature. 


SECTION  X . MISCELLANEOUS  INFORMATION 


See  Merck  Index,  9th  ed. , 1976,  item  3982  for  additional  information. 


Date  issued:. Revision: Approved  by R.  M.  Mitchell 

Manager,  Quality  Assurance 

The  information  provided  in  this  Material  Safety  Data  Sheet  has  been  compiled  from  our  experience  and  data  presented  in  various  technical 
publications.  It  is  the  users  responsibility  to  determine  the  suitability  of  this  information  for  the  adoption  of  safety  precautions  as  may  be 
necessary.  We  reserve  the  right  to  revise  Material  Safety  Data  Sheets  from  time  to  time  as  new  technical  information  becomes  available.  The 
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J.T.Baker 


MATERIAL  SAFETY  DATA  SHEET 

J.  T.  Baker  Chemical  Co.,  222  Red  School  Lane,  Phillipsburg,  N.J.  08865 


CHEMICAL  NAME 
Calcium  Carbonate 


SECTION  I . IDENTIFICATION  OF  PRODUCT: 


FORMULA 


CaCO' 


SYNONYM  OR  CROSS  REFERENCE 


CAS  NO:  471-34-1 


SECTION UNHAZARDOUS  INGREDIENTS 


USINGREDIENTS  ^ 


MATERIAL 


NATURE  OF  HAZARD 


BOILING  POINT 


MELTING  POINT 


VAPOR  PRESSURE 


SPECIFIC  GRAVITY 
2.7 


VAPOR  DENSITY  (AIR  = 1) 


PERCENT  VOLATILE  BY  VOLUME  (%) 


WATER  SOLUBILITY 
0.001  g/100  ml 


EVAPORATION  RATE 
( = 1) 


APPEARANCE 

Fine,  white  powder;  odorless 


7 $y5 

Nr?-- T-JV  IU 

foREANttEXP^ 

FLASH  POINT  (method  used) 


FLAMMABLE  LIMITS 


Lower 


Upper 


FIRE  EXTINGUISHING 

MEDIA  Any  media  suitable  for  the  supporting  fire. 


SPECIAL  FIRE-FIGHTING  PROCEDURES 
Wear  dust  mask 


UNUSUAL  FIRE  AND  EXPLOSION  HAZARD 


THRESHOLD  LIMIT  VALUE 


HEALTH  HAZARDS 


FIRST  AID  PROCEDURES 


CHEMICAL  NAME 


s’ 

TPm  H 1 k’y  1 me  »7:t 

STABILITY 

UNSTABLE 

CONDITIONS  TO  AVOID 

STABLE 

X 

INCOMPATABILITY  (materials  to  avoid) 
Acids 


HAZARDOUS  DECOMPOSITION  PRODUCTS 
Calcium  oxide  when  heated  to  decomposition. 


HAZARDOUS 

POLYMERIZATION 


MAY  OCCUR 

WILL  NOT  OCCUR 

X 

CONDITIONS  TO  AVOID 


\SECTIdN^l^SPIll&AND;DISPOSAL^ROCEDURES 


SPILLS 

Sweep  up  and  dissolve  in  solution  excess  of  acid. 


DISPOSAL 

Flush  to  sewer  with  excess  water  or  dispose  in  landfill  providing  local  environ- 
mental regulations  permit. 


RESPIRATORY  PROTECTION  (specify  type) 
Dust  mask 


VENTILATION 

LOCAL 

SPECIAL 

MECHANICAL  (general) 

OTHER 

X 

• 

• PROTECTIVE  GLOVES 

EYE  PROTECTION 
Safety  goggles 

OTHER  PROTECTIVE  EQUIPMENT 


SECTION  IX  : HANDLING  AND  STORAGE  PRECAUTIONS 


STORAGE  & HANDLING 


Store  in  a cool,  dry  place. 


SECTION  X.  MISCELLANEOUS  INFORMATION 


Date  issued:  8/ 3/83 Revision: Approved  by R.  M.  Mitchell 

Manager,  Quality  Assurance 

The  information  provided  in  this  Material  Safety  Data  Sheet  has  been  compiled  from  our  experience  and  data  presented  In  various  technical 
publications.  It  is  the  users  responsibility  to  determine  the  suitability  of  this  information  for  the  adoption  of  safety  precautions  as  may  be 
necessary.  We  reserve  the  right  to  revise  Material  Safety  Data  Sheets  from  time  to  time  as  new  technical  information  becomes  available.  The 
*■*>■  tm  »r.ot  »K«  .c  «K.  — . — 


